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INTRODUCTION 


\he  secondary  aim  of  the  work  "Aircraft  Icing  Processes", 
now  in  its  second  year,  is  the  desing  construction,  and 
testing  of  an  icing  simulator,  and  a  system  for  measuring 
parameters . 

Tne  purpose  of  this  is  to  obtain  a  system  capable  of 
producing  ice  on  a  circular,  or  aerodynamic  profil,  section 
under  known  conditions  in  order  to  check  experimentally  tne 
analytical  results  obtained  in  the  primary  aim  of  tne  work 
(theoretical  studies). 

Thus,  in  the  simulator,  we  have  attempted  to  ootain 
incidental  flow  conditions  on  tne  test  model  as  similar  as 
possible  to  tr.ose  set  out  in  the  mathematical  model  of  the 
theoretical  study:  a  laminar,  bidim ensional ,  incompressible, 
air stream . 

V 

In  the  choice  of  the  simulator  we  took  into  account  the 
above  mentioned  conditions  and  tried  to  avoid  unnecessary 
mechanical  complications  in  the  construction  and  assembly. 

For  these  reasons  we  rejected  the  simulator  mentioned  in 
the  "Final  Scientific  Report"  of  15th  July  B2/14th  Sept.  63, 
consisting  of  a  bar  rotating  around  an  axis  perpendicular  to 
itself  in  tne  appropiate  environmental  conditions. 

In  this  simulator  the  mechanical  complications  are 
evident  and  to  obtain  the  conditions  for  the  sifream  around 
the  model  appears  quite  difficult. 


We  thought  of  an  easy  to  manufacture  simulator  where  a 
biaimensional  quasilaminar  current  could  be  obtained  and  the 
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decision  was  taken  that  the  simulator  would  be  an  icing 
tunnel . 

It  would  be  an  open  circuit  tunnel  with  a  closed  test 
section  with  a  test  model  refrigerated  from  the  interior, 
where  speeds  similar,  or  assimilable  to  those  of  an  aircraft, 
always  of  course  in  subsonic  incompressible  circunstances , 
could  be  obtained. 

Prior  to  begining  the  desing  consultations  took  place 
with  those  responsible  for  the  various  wind  tunnels  existing 
in  the  IMTA:  the  subsonic  ana  supersonic  wind  tunnels  in  the 
Aerodynamic  and  Navigability  Department  and  the  very  low 
speea  wind  tunnels  for  contamination  tests  in  the  Energy  and 
Propulsion  Department,  in  order  to  ascertain  the  advantages 
and  disadvantages  of  the  systems  to  be  chosen. 
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I  ICING  TUNNEL  DESING 

For  the  desing  of  the  icing  tunnel  we  consulted  two 
sources:  "Aerodinamique  experimental"  by  P.  REBUFFET  and 
above  all,  "Low  speed  wind  Tunnel  Testing"  by  A.  POPE  and  J. 
HARPER 

Below  is  a  description  of  each  part  of  the  tunnel,  with 
tne  reason  for  having  being  designed  in  that  particular  way. 


1.1  TEST  SECTION 


In  order  to  aecide  the  fora  and  dimensions  of  the 
section  tne  following  parameters  have  been  taken  into 
account. 

l!  Diameter  of  the  cylindrical  test  model. 

2.  Streamflow  which  can  be  obtained  by  the  ventila¬ 
tors  existing  in  the  market. 

3.  Required  speed. 


The  diameter  of  the  test  raoael  is  40  mm  and  thus,  in 
order  tu  avoid  wall  effets,  a  ratio  diameter  of  test  model, 
height  of  tunnel,  of  ten  seemed  reasonable,  fixing  the  first 
dimension . 


Height  of  tunnels,  Hra  s  (lm  x  10 


Hm  =  40  x  10  =  400  mm 


The  volume  of  air  is  limited  to  5  m^/s  equal  to 
18.000  m^/h  by  the  power  and  pressure  of  the  ventilator,  and 
speeds  of  50-60  m/s  are  wanted. 


A  circular  section  tunnel  and  a  test  section  witn  a 
diameter  of  400  mm,  was  thought  of,  which  would  avoid  having 


other  section  changes  in  the  length  of  the  tunnel  than  area 
changes,  this  producing  a  more  uniform  jet,  but  he  following 
difficulties  were  found. 

1.  In  order  to  obtain  a  speed  of  50  m/s  in  the  test 
section  the  necessary  flow  of  air  would  be 

Q  =  7  x  A 
v  =  60  m/s 

A  =TT  T2  =  0.126  m2 

therefore : 

Q  =  60  x  0.126  =  7.5  m-/s 
which  is  clearly  superior  to  the  limit  fixed. 

2.  If  we  maintain  the  flow  at  5  m  3  /  s  the  speed  that  would 
be  obtained  is: 

V  =  Q/A 
Q  =  5  a3/s 
A  =  0.126  m 2 
v  =  5/0.126  =  39.7  m/s 

which  is  inferior  to  the  speeds  wanted  in  the  testing 
section . 

Adaed  to  this  is  the  fact,  in  the  case  of  a  circular 
section,  the  non-useful  zone  of  the  test  model  is  too  large. 

Bearing  this  before,  together  with  the  fact  that  to 
obtain  a  bidimensional  flow  the  height  must  greater  than  the 
width,  we  opten  for  a  rectangular  section  with  a  height  of 
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400  mm.  The  width  is  fixed  by  the  volume  of  air  per  time  unit 
and  the  speed  required 

Q  =  v  x  h  x  w 


=  5  m^/s 
=  60  m/s 
=  0.4m 

=  5/(60  x  0.4)  =  0.203 


Therefore : 


w  =  200  m:n 


In  this  section  the  ratio  height/width  is  2,  and 
it' s  possible  to  have  a  bidimensional  flow  in  the  test 
section. 

Once  the  section  and  its  dimensions  have  been 
determined,  and  bearing  in  mind  the  common  practice, 
according  to  Pope,  tnat  tne  length  of  the  test  section  should 
be  one  to  two  times  the  size  of  the  larger  dimension,  the 
ratio  1.5  was  taken  as  valid  and  the  length  of  the  test 
section  is  600  mm. 

This  we  have  a  rectangular  section  of  400  x  200  x 
600  mm.,  in  the  centre  and  throughout  the  width  of  wnich, 
goes  the  test  model. 

The  manufacturing  drawings,  are  in  Annexo  II  and 
are:  84-023-A/2,  A/2-1,  A/2-2.  A/2-3  and  A/2-4. 


The  material  of  the  test  section  is  transparent 
metacrilat  and  has  been  chosen  precisely  be  cause  of  its 
transparency,  as  this  it's  possible  to  follow  the  experiment 
visually . 
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This  is  exceptionally  interesting  in  this  case  as 
we  can  see  the  layer  of  ice  as  it  forms  and  stop  tne 
expeciment  when  convenient. 


1.2  THE  COLLECTOR 


The  collector,  or  entrance  cone,  is  the  part  of  the 
tunnel  that  goes  before  the  test  section.  The  narrowing  of 
tne  section  throughout  its  lenght  allows  us  to  accelerate  the 
current  so  it  reaches  the  test  section  at  a  greater  speed. 

The  form  of  the  entrance  section  is  fixed  by  that  of 
the  test  section,  that  is,  rectangular.  The  ratio  between  the 
sections  is  one  of  nine,  which  is  a  value  intermediate 
between  7  and  14,  a  contraction  ratio  between  which  according 
to  Pope,  is  a  good  aid  to  acheive  a  good  jet.  In  another 
paragraph  he  states  that  a  contraction  ratio  of  9.5:1  is 
adequate  for  a  low  turbulence  tunnel. 

The  dimensions  of  the  entrance  section  are 
proportional  to  tnoss  of  the  test  section,  and  bearing  in 
mind  that  the  ratio  between  the  areas  is  9:1,  the  ratio  of 
the  sides  of  the  rectangle  will  be  of  its  square  root,  that 
is  3:1-  Thus  as  the  test  section  is  400  x  200  mm,  the 
entrance  section  will  be  1200  x  600  mm. 

The  length  of  the  collector  is  2  1/2  times  the 
larger  dimension  of  the  test  section,  that  is  one  metre. 

The  shape,  or  profile  of  the  collector  is  of  the 
Gottingen  type  which  is  tangential  to  the  test  section,  with 
a  straight  section  at  the  entrance,  and  a  inflection  point 
further  on. 

The  manufacturing  drawings  of  the  collector  are  34- 
023  A/1,  included  in  annex  II. 
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The  material  for  the  collector  is  stainless  steel 
F-311*,  in  order  to  avoid  possible  oxidazation  oy  the  current 
loaden  with  water  droplets. 


1.3  HONEYCOMB 

At  tne  entrance  the  thunnal  will  have  a  type  of 
filter  which,  as  well  as  filtering  the  stream,  will  break  the 
entrance  vortex  so  a  more  homogeneous  current  will  arrive  at 
tne  testing  section. 

The  type  of  filter  chosen  is  of  tne  honeycomb  type, 
because  apart  from  filtering  and  breaking  the  entrance 
vortex,  it  also  straigntens  the  stream,  and  also,  the  c  e  1 3  s 
are  of  sufficiently  small  dimensions,  tnat  the  vort.ces 
caused  will  oe  so  small  that  the  current  will  arrive  at  the 
test  section  substantially  improved,  and  a  quasi-lamirar  flow 
can  be  obtained. 

It  will  be  longed  in  tne  straight  section  of  tne 
collector  and  the  length  of  the  straight  section  will  be  that 
of  the  honeycomb. 

The  honeycomb  was  supplied  by  the  firm  C.A.S.A. 
(Construcciones  Aeronauticas,  S.A.)  and  it  was  only  possible 
to  choose  be  between  the  types  existing  in  their  storage. 

The  most  appropriate  for  the  characteristics  of 
the  tunnel  is  the  model: 

1/8  -  5055  -  .0007  -  3.1. 

where : 


1/8  i3  the  cell  size  in  fractions  of  an  inch. 

5056  is  the  Aluminum  alloy  used. 


.0007  is  the  nominal  foil  thickness  in  inches. 

3.1  is  the  density  in  pounds  per  cubic  feet. 

The  cell  is  hexagonal  and  the  length  of  the 
honeycombs  is  155  mm,  the  dimensions  being  those  of  the 
straight  section  of  the  collector. 

1.4  DIFFUSER 

The  diffuser  is  the  part  of  the  tunnel  which  goes 
between  the  test  section  and  the  ventilator.  Its  mission  is 
to  decelerate  the  stream  so  it  arrives  more  slowly  at  tne 
entrance  to  the  ventilator,  and  in  our  case  as  well,  in  the 
diffuser  will  take  place  the  change  in  section  shape  a.nc  its 
adaptation  to  the  ventilator  catch-basing  inlet. 

Cur  diffuser  nas  two  clearly  distinguished 
parts.  The  first  part  is  a  transition  zone  from  the 
rectangular  section  of  20  0  x  400  mm,  which  we  nave  at  the  end 
of  the  test  section,  to  a  circular  section  of  400  mm  diameter 
with  a  lenght  of  1.5  metres. Tne  second  part,  which  is 
properly  speaking  the  diffuser,  is  a  truncated  cone  with  a 
final  section  of  500  mm  in  diameter  and  a  length  of  one 
metre . 

In  the  first  part  the  maximun  angle  of  opening, 
or  of  divergence  is  3.81°,  and  in  the  second  part  2.56°, 
which  are  totally  acceptable  as  Rebuffet  talks  of  angles  of 
up  to  9°  and  Pope  of  angles  up  to  8°. 

Tne  material  of  the  diffuser,  as  that  of  the 
collector,  is  stainless  steel  F  —  3 1 4 .  The  manufacturing 
drawings  are  numbers  64-023. A/14,  a/14-1  y  A/14-2,  and  are  in 
annex  II. 
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1.5  VENTILATOR 

In  the  enoice  of  the  ventilator  or  fan  the 
following  parameters  have  to  be  taken  into  account. 

-  Volume  of  air  per  time  unit  or  streamflow. 

-  Energy  consumed. 

-  Pressure. 

The  flow  is  fixec  by  the  area  of  the  test 
section  ana  the  speed  we  wish  to  acheive  in  that  section. 

For  a  speed  of  60  m/s  the  flow  we  need  is: 

Q  =  S  x  V,  where 

Q  -  flow  of  air. 

3  -  area  of  cross  sectional  of  test  section. 

V  -  speed 

Q  =  0.2  x  0.4  x  50  mVs 

Q  =  4.8  m^/s 

This  value  is  one  of  our  parameters  ana  we  must 
remember  that  we  have  a  limit  of  flow  in  the  ventilator  of  5 
m  ^  /  s  . 


The  energy  consumed  is  fixed  by  the  loss  of 
head  in  the  length  of  the  tunnel  plus  that  produced  Dy  the 
discna rge  into  the  atmosphere. 

The  power  of  tne  electric  motor  attached  to  tne 
ventilador  has  beed  fixed  at  a  maximun  of  15  CV  because  of 
limitations  in  the  electric  system.  The  pressure  required  of 
the  ventilator  will  be  at  least  equal  to  the  loss  of  pressure 
in  the  tunnei,  plus  the  discharge  loss. 
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There  losses  of  head,  throughout  the  length  of 
the  tunnel  as  well  as  on  discnarge,  nave  been  calculated  by  a 
Computer  Programme  developed  by  the  Contamination  Laboratory 
of  tne  Energy  and  Propulsion  Department  of  tne  liJTA,  based  on 
the  work  "Memento  des  pertes  de  charges,  coefficients  de 
pertes  de  charges  singulieres  et  ae  pertes  de  charges  pour 
frottement"  by  J.E.  IDEL'ClK,  and  whose  striped  is  included 
in  annex  1. 


The  results  oDtained  for  the  several  flows  ana 
speeds,  with  the  previously  described  configuration  of  the 
tunnel,  are  reflected  in  table  I,  in  annex  I. 

With  this  data  and  what  was  available  in  the 
market  a  ventilador  was  chosen  with  a  volume  per  time  unit  of 
17.000  m^/h  which  gives  us  a  total  pressure  of  150  mm  C.A. 
(1  m-VS  =  360  0  m^/h,  1  mm  C.A.  =  1  Kg/cm2)  and  with  a  motor 
of  a  maximun  power  of  15  CV. 

The  curves  of  the  ventilador  are  represented  in 
figure  1  and  the  curve  of  the  funtionating  of  the  tunnel  is 
in  figure  2. 

A  centrifugal  ventilator  was  chosen,  as  with 
these  types  of  ventilators  it  s  easier  to  guide  the  current 
to  the  exterior  of  the  chambre  where  the  tunnel  is,  and  in 
our  case  its  very  importan  as  the  current  carries  water 
drops . 

The  manufacturing  drawing  of  ventilator, 
P/41. 561, is  in  annex  II. 


1.6  THE  TEST  MODEL 


The  test  model  is  a  hollow  bar,  cylindrical  or 
aerodynamical  shaped,  of  anodized  duralumin. 
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In  its  inside  is  placed  carbonic  snow  or 
another  cryogenic  product  in  order  to  keep  tne  temperature  of 
the  test  model  considerally  below  zero  degrees  centrigrade. 

This  temperature  is  necessary  so  that  the 
microscopic  water  drops  which  the  current  carries,  will  at  the 
moment  of  collision  with  the  test  model  adhere  to  it  in  the 
form  of  ice. 


It  s  situated  in  the  centre  of  the  test 
section,  crossing  it  horizontally  and  perpendicular  to  the 
stream . 

The  test  model,  its  situation,  and  fixing,  are 
described  in  the  drawing  54-023  A/3,  84-023B,  B/1,  B/2,  B/3, 
B/4  and  are  in  annex  II. 
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II.  CLOUD  GENERATION 


The  cloud  of  water  droplets  which  will  circulate  in 
the  icing  tunnel  is  formed  in  the  settling  chamber,  before  of 
entrance  to  the  icing  tunnel,  and  will  be  absorbed  by  the 
tunnel  at  the  same  time  as  the  rest  of  the  volume  of  air. 


This  cloud  is  formed  with  the  atomizer  described  in 
the  FINAL  SCIENTIFIC  REPORT  82/83  and  manufactured  in  the 
INTA  according  to  tne  drawings  adjoined  to  that  report. 


The  definitive  atomizer  installation  is  described  in 
figure  3  where: 


Bottle  of  compresses  air. 

Water  tanic. 

Atomizer. 

Manoreaucer. 

Pressure  regulator  valves  with  manometer. 


The  bottle  of  compressed  air  pressurizes  the  whole 
circuit,  and  by  varying  the  pressures  at  the  air  and  water 
entrances  to  the  atomizer  we  can  obtain  several  droplet  sizes 
and  tnus  different  liquid  water  content. 

The  testing  of  the  size  of  the  water  droplets  was 
carried  out  before  the  installation  of  the  tunnel  as  a  result 
of  the  delay  in  its  manufacture  and  coming  into  service.  The 
water  droplet  sizes  obtainea  at  different  pressures  will  oe 
tabulated . 


5 


INSTALACION  SISTEMA  ATOMIZADOR 


I  N  T  A 


P4g. 


13 


III.  MEASUREMENT  OF  PARAMETERS 

Tne  essential  parameters  to  be  measured  in  tne  icing 
tunnel  are 


-  Speed  and  turbuiance. 

-  Droplet  size. 

-  Liquid  water  content. 

-  Temperature 


III.1  SPEED  AND  TURBULENCE 


Tne  speed  and  turbuiance  of  tne  airstream  is  measured 
by  and  anemometer  of  dot  wire,  TSI  make,  model  IFA  100. 

Tne  hot  wire  aneaometry  r.es  been  cnosen  Decause  of 
the  possibility  of  giving  us  botn  tne  average  speed  and  the 
instantaneous  speea  of  tne  stream  ana  tnis  tne  ripply  or 
turbuiance  of  the  same.  Another  important  cnaracteristic  of 
this  technique  is  that  the  reaction  time  is  of  tne  oraer  to 
microseconds,  ana  tnus  the  perturbation  of  the  test  probe  es 
very  small  ans  the  signal/noise  ratio  is  nigh.  Also  thermal 
anemometric  instruments  are  exceptionally  stable,  sensitive, 
and  resistant. 

Hot  wire  and  hot  film  test  probe  has  oeen  acquired 
for  the  different  experiments  and  their  calibration  has  been 
carried  out  by  the  Aerodynamics  Section  of  the  Aerodynamics 
and  Navigability  Department.  The  equations  and  calibration 
curves  are  descrioed  in  annex  III. 

The  calibration  covers  the  the  field  of  action  of: 


Speed 

Frecuency 


0  to  70  m/s 
2  Hz  to  150  KHz 
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The  measurement  sistem  of  the  speed  and  turbulance 
has  bean  completed  oy  means  of  a  digital  osciloscope,  make 
TEKTRONIX,  model  468,  which  captures  the  perturbation  waves 
of  the  airstream  through  the  anemometer,  visualizes  them  in 
real  time,  digitalizes  them,  and  sends  them  to  a  process  and 
control  system  for  their  analysis. 

This  process  and  control  system  consists  of  a 
Hewlett-Packard  scientific  personal  computer,  model  9816,  an 
H.P.  plotter,  model  7470  A ,  and  H.P.  impact  printer  model 
82906A,  which  analyzes  the  wave,  draws  its,  and  prints  the 
relative  data  about  it  which  interests  us. 

III. 2  DROP  SIZE 

Tne  metnod  used  to  measure  t  n  e  size  and 
distribution  of  water  droplets  is  the  microphotography. 

The  capture  of  the  droplets  in  tne  tunnel  is  carried 
out  by  means  of  the  droplet-catcning  probe  described  in  the 
drawings  O4-023-A,  A/4,  A/5,  A/6  and  A/7  of  the  annex  II. 

The  flat  covered  with  a  slow  evaporation  oil,  is 
exposed  to  the  airstream  for  a  little  time  as  posible,  and 
this  sample  as  taken  to  the  microscope  and  photographed:  From 
the  positive  photo,  knowing  the  enlargment  ratio  of  the 
microphoto  we  can  measure  the  size  of  the  drop,  as  well  as 
the  mumber  and  distribution  of  sizes. 

The  equipment  is  a  Carl  Zeiss  Jena 
stereomicroscope  which  magnifies  200  x,  and  incorporates  a  MF 
24  x  36  WERRA  camera  with  the  adequate  devices  for 
microphotograpny . 


III. 3  LIQUID  WATER  CONTENT 


T  n  e  liquid  water  content  can  be  found  out  if  we 
know  the  distribution-size,  and  number  of  water  droplets  on 
the  surface  photographed,  its  area,  tne  speed  of  the  stream, 
and  the  exposure  time  of  the  sample. 

Another,  perhaps  easier  and  more  trust  worthy  way, 
is  to  measuree  the  amount  of  water  used  in  the  experiment  and 
the  amount  of  air  whicn  has  circulated  in  the  tunnel  in  the 
duration  of  the  experiment. 

We  find  out  the  volume  know  the  volume  of  air  per 
time  unit  and  the  area  of  the  test  section. 


III. 4  TEMPERATURE 


In  tne  experiments  we  has  to  measure  two 
temperatures:  The  environmental  temperature  and  the  surface 
temperature  of  the  test  model. 

The  environmental  temperature  we  measured  by  means 
of  a  mercury  thermometer  and  the  surface  temperature  of  the 
test  model  by  means  of  thermistors. 

The  thermistors  were  connected  to  an  analogic 
recorder  make  YEW,  model  4038  in  order  to  obtain  a  grafic 
record  of  the  temperature  variation  in  the  test  model  as  has 
been  said  before. 


FINAL  CONCLUSION 


As  final  conclusions  of  the  whole  work,  Primary  and 
Secondary  Aims,  performed  concerning  "Aircraft  Icing 
Processes",  that  constitutes  the  last  one  of  tne  four 
proposal  covered  by  Grant  NO.  AFOSR  63-03^0  "Study  of 
Aerospace  Materials,  Coatings,  Adhesions  and  Processes",  they 
can  be  established  the  following: 

1.  Tne  Primary  Aim  concerning  the  Theoretical  Stucy 
( Mathematical  Model  ,  FORTRAN  Program  and  Sets  of  Results), 
has  been  reachea. 


2.  The  Ambient  Pressure  Simulator  ana  Metering  System, 
whose  design,  manufacturing,  set  up  and  operation  constitutes 
tne  Secondary  Aim  of  tne  proposal,  nas  been  partially 
reached : 


It  has  been  designed  in  its  wnole.  Some  of  the  parts, 
as  for  example  the  fan  and  electric  engine  that  moves  it  have 
been  adquired  in  the  market  after  a  detailed  selection  among 
the  different  possibilities.  Other  parts  as  the  air-duct  and 
the  observation  chamber  nave  been  designed  by  our  scientists 
and  manufactured  by  our  General  Works.  The  equipments 
constituting  the  Metering  System,  have  been  selected  among 
the  most  adequate  in  the  market  and  adquired.  Its  proper 
operation  has  been  verified  and  some  tests  have  been 
performed  in  order  to  familiarize  the  personnel  with  their 
possioilities.  The  anemometric  probes  have  been  calibrated. 


Though,  due  to  several  reasons,  the  final 
installation  has  not  been  performed,  it  is  expected  that  the 
whole  of  the  Simulator  and  Metering  System  will  be  operative, 
for  tne  next  Harz. 


Torre jon  de  Ardoz,  12th  November  1354 


Research  Assistant 
Esperanza  Clivo  Esteban 

The  Principal  Investigator 
Ernesto  Montiel  Rodriguez 


EL  DIRECTOR  DEL  DEPARTAMSNTO  DE 
AERODINAMICA  Y  NAVEGABILIDAD 
Jose  Jarleta  Carrillo 
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10  REM  ....13.UAR20.1084 . . 

20  REM . PER!) IDAS  RE  CAROA . 

30  RE?t  .  .PROOHA?!A.  "TiniETA" . 

40  REM  ...K(I)»1  EE  EECC  . INTO . OtROTILAR. = 2  EE  RECTAMONT.AR 
50  RE?!  ...E(L)=1  EE  EECC . FINAL . CIRCULAR. =2  EE  RECTANONTAR 
60  REM  ...INCLIP'E  CONOR . TORERAE . DITNTEOREE .THROE . . RE.TILLAS . HOMEYC 
0?!RS. 

70  01?!  2(20), P(20) 

80  01?!  D(20), 1)1(20) ,L(20),A(20),A1 (20), R(20),B1 (20) 

00  !)!?!  E (20) 

100  DIM  K(20) 

110  01M  E (20), El (20) 

120  01M  E(3) 

130  01?-!  C(10) 

140  DIM  X(20) 

150  EFI.ECT  0 

160  E ELECT  PRIME  005(64) 

170  lITPir  "?m?!ERO  OF.  EI.E?!EMTns",18 
180  INPUT  "RTIOOEIOAD  (’?!)  "  ,R8 
190  R8-R8*lE-3 

200  PRT?JT  "TEOLEAR  pOR  OROE?J  AON  AS  ABANO" 

210  PEI?JT  "l.COtlO/TOBERA/PRIEitA.  .E.^OItitSOR.  .3.TTTBO.  .4.RE.TTLLA. . 
5.HO::EVCO?!B." 

220 
230 
240 
250 
260 
270 
280 
2°0 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
400 
500 
510 
520 


"8-1.51E-5 
For  t«?  in  tr 
PRT.tr?  i 

INPTIT  "ELEt!E?!TO"f2(T) 

'TF.TrPT'  T 
J8=0 

PET.tlT  "TAMOS  1  'F.RT  1 0  AL  E  E  .  A  .  .  .  HORI7. .  R" 

ITON/T  "cAimAJ.  ?(lNT?!0,?t\XT?fn(?n/E)  " ,01, 0.2 
T;!Pir  "IttCRE’tEtr’O  CAt?T)AL",Q3 
ydr  o-Ol  TO  02  STEP  03 
E ELECT  PRI?JT  211(100) 

PRItIT 

PR.ttn  "OANMAL  (?!.3 /  E  )  =  " ,  O :  PRItET 
,T8-JR-*-l 

RO-1. 2*0! 2/19.6 
ITB-0:T'8»0 
FOR  1-1  TO  18 

0?J  2(1)  OOE7JB  440,730,1540,1750,2410 
M8-MRJ-L  (1 ) :  t?8-?T8J-P  (1) 

NEXT  1 
COTO  2770 

RE?t  ......  EECC.  ENTRAP  A . 

E ELECT  PRI?!T  211(100) 
tt  J8[]l  THEN  470 

TNPTTT  "TORERA (1)  . COfJO (2 )  .PRISJtATTCO ( 3) ", C8 
o?T  08  OOTO  480,5.30,600 
PR1?TT  "TORERA...." 

SELECT  PRINT  005  (64)  : PRINT  "TORERA" 
K(1)-1:E(t)-i 

00 EUR  *1 

X(7)».03:OOTO  600 
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530  PRINT  "conn . " 

540  SELECT  PRINT  005 (64): PRINT  "COMO" 

550  K(T)-1:S(I)-1 
560  OOSTTR  ’! 

570  tv  JR[]1  THEM  600 

580  INPUT  "COE?. HR  PEED  IDA.  .0.1  St  L/!>»1  v  ALFA  RMTRK  30  Y  50  OP. 
ADOS",X(T.) 

590  OOTO  690 

600  PRINT  "PRISNATICO" 

610  SELECT  PRINT  005(64)  : PRINT  "PRISMATICO" 

620  K(I)«2:S(I)=2 
630  00 STIR  ’1 

640  IP  K(I)  HO  THRU  650:E(I)-E1(I)  f,OTn  660 
650  I*  Rl(T.)nO  THEM  660:E1(I)-E(I) 

660  TV2*S1/ (A1(I)*B1(I)) 

670  P.-T ri*H/,’B : nS-ER/H : OOSUB  '2 

6 80  X  ( I ) = .  1.1M1-S1/ SO)*  (L3/ 16  )  *  ( 1/  S IN  (E  (I)  /2  )*!/ SIN  (El  (I )  / 2 )  )  *  ( 1 
-(S1/S0) !2) 

690  P(I)«E0*X(I)/S1!2 
700  OOSTTR  ' 7:COSUB  'R 
710  RETT  TEN 

720  PEN . HIPTTSORES . 

730  PRINT  " . HtPTTSnRES . ...." 

740  PRINT  "OOMIOO (1)  .  .PIRAMTPAL  (2)  .  . PT.ANO ( 3)  .  . CUREILINEO  CIECULA 
E  n  RECTANOULAR(4)  .  .CTTREILINEO  PLANO (5)" 

750  I”  ,trMi  TWIN  770 

760  INPUT  "TIRO  HE  HI1RTSnP.",0 (I) 

770  ON  0(1)  OOTO  780,300,1040,112.0,1360 
780  PET, EOT  PRItTT  211(100) 

700  !>ri;e  ".ni’Mirnp.  conioo.." 

800  SET.EOT  PRINT  on.5(64) 

310  PRINT  "HIPTTSOR  CONICO" 

820  R(I)-1:S  (I)«*l 
830  OOSTTR  'l' 

840  n-n(I)  : E-U0*H/1T8 : H8-R8/H 
350  OOSUB  *2 

860  po-L8*(l_(so/Sl) !2)/(8*SUT(0/2)) 

870  K2-3.2 

8R0  OOTO  1440 

800  SELECT  PRINT  211(100) 

000  PRI!JT  ".HIPTTSOR  PIRAMTHAL.." 

°10  SELECT  PRINT  005  (64)  : PRINT  "HIPUSOR  PIEA-tlHAL" 

070  tv  ,TR  [  T I  Tin'll  040 

030  INPUT  "CON  PIA.OAS  HE  SEPAEAOIOTT(l)  ,SIM  "TiACAS  (2T",0° 

940  K(I)«2:S(I)«2 

950  OOSUB  '1 

oro  H-2*S0/(A(I)*B(I)) 

970  I*  0(I)-4  THEN  1320: IP  0(I)-5  THEN  1320 

980  R-U0*H/i'3 

090  H8-R8/H 

1000  OOSTTR  *2 

1010  IP  C(I)-3  THEN  1100 

102.0  R0-L8*  (1-  (SO/SI)  !  2)*(1/STN(E(T) /2VM/SIN fEl  (13  /3)  1  /16 
1030  K2-4;Tu  I []l  THEM  1440 
1040  SELECT  PRINT  211(100) 

1050  PRINT  "HIPUSOR  PLANO..." 
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1060  SELECT  PRINT  005(64) 

1070  print  "ninrooR  plano" 

1080  K(T)«2:R(T>«2 
1000  COTO  050 

1100  wo-j.8/(AARL'J(C/2)>*(A(T>*n-r>O/Sl)/8(T)+#5*a-(S0/81>!n)> 
1110  K2-3.2:orYrr  1440 
1120  SELECT  PRINT  011(100) 

1130  PRINT  " . CTfnvT.TJ.NEO . " 

1140  SELECT  PRINT  005(44) :  PRINT  "THE.  OTRWILINEO" 

1150  IE  J8[]l  THEN  1170 

1160  INPUT  "CIRCULAR.  .  1 .  RECTANO.  .  2  "  ,M 

1170  tv  M-l  TTIEN  1190 

1180  COTO  1260 

1190  SELECT  PRINT  211(100) 

1200  print  "niErrsoR  cimviLiNEn  cipcrmAR. . " 

1210  SELECT  PRINT  005(64) 

1220  print  "curr. circular" 

1230  k(I)-1:S(I)-1 

1240  COSTIR  '1 

1250  onTO  1020 

1260  SELECT  PRINT  211(100) 

1270  PPJNT  ".niFTISOR  OTTRVT.LINEO  RECTANGULAR.."; 

1280  SELECT  PRINT  005(64) 
l_ion  print  " CTfP.v .  RECTANGULAR" 

1300  K(I)«2:S(I)-2 
1310  CO  sim  '1 
1320  !>L (!)/!) 

1330  tv  c(I)-5  THEN  1420 

1340  EO-1.0165-. 65038*KJ-. 3165*K! 2-7. 8565E-2*K!  3J-7.5058E-3*K! A 

1350  va-o : COTO  1400 

1360  SELECT  PRINT  211(100) 

1370  PRINT  ".DIEUSOR  CUREILINEO  PLANO.." 

1380  SELECT  PRINT  005(64) 

1300  PRINT  "arRV. PLANO" 

1400  K(I)-2:S(I)-2 

1410  oosim  *i 

1420  EO-1.0135-.3R365*K+.11737*K! 2-1. 8378E-2*K! 3J-1. 1294E-3*K!4 
1430  FO=0:COTO  1490 

1440  X(I)-po*K2*(TAN(C/2)) ! (5/4)*(l-SO/Sl) !2. 

1450  IE  C(I)[]2  THEN  1500 
1460  TV  C9-2  TUEN  1500 
1470  E2-V2R.65 
1480  COTO  1500 

1400  X(I)-EOJ-vn*(1.43-1..3*SO/Sl)*(l— SO/SI)  !2 
1500  ? ( t ) -RO*X (I ) / SO ! 2 
1510  cnsim  ’  7 :  OOSUB  '8 
1520  RETURN 

1530  RETT . TTIAMO  RECTO . 

1540  SELECT  PRINT  211(100) 

1550  PRITIT  ".TRAMO  RECTO...." 

1560  SET.ECT  PRINT  005(64) 

1570  PRINT  "TPAMO  RECTO" 

1580  IE  J8[]l  THEN  1600 
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1500  input  "Tirn  de  seccion. . inicial , final  (i  nine..?.  rect)",k(i 

),8(T.) 

1600  onsnr.  ’l 

1610  IP  K(I)-2  THEN  1630 
1620  n»n(i) tooro  1640 
1630  D-2*S0/(A(I)-t-R(I)) 

1640  R-U0*n/V8:n8«R3/T) 

1650  COSUB  '? 

1655  IP  J8M1  THEN  1710 
1660  ip  i[jl  THEN  1700 

1670  INPUT  "CON  PARED  INI0TAL(.5)..SIN  PAREB(l.O)" ,N8 

1680  X (I ) -L8*L  ( I )  /IH-N8 

1600  OOTO  1710 

1700  X(I)-T.8*L(I)/D 

1710  P(L)»R0*X(I)/S0!2 

1720  nnsim  '7:C,osttb  '8 

1730  RETURN 

1740  REM . PF.TITJ.A8 . 

1750  SELECT  PRINT  211(100) 

1760  PRINT  ".RE.TIT.LA...." 

1770  SELECT  PRINT  005(64) 

1780  PRINT  "RE.TITXA" 

1790  IP  J8[]l  THEN  I860 

1800  IP  I-i  THEN  1810:r.(I)»r.(I-l)  :C,orn  1820 

1810  INPUT  "TIPO  DE  SECCION  (1  CIRCULAR. .2  PECT)",K(I) 

1820  S(I)»K(I) :L(I)«0 

1830  I2TPTTT  ''AREA  LIBRE /AREA  TOTAL",™ 

1840  Tr’UT  "DIAMETRO  HILO  (MM)  "  ,T»4 
1850  n4-P4*!E-3 
I860  cosxm  '1 
1870  P-tP1*D4/P8 

1880  X(I)-1.3*(1-TO)^(1/TO-1) !2 
1800  IP  R[400  THEN  1910 
1900  OOTO  1930 

1910  K8-1. 6256-4. 7328E-3*R-^1.2228E-5*R!  2-1. 2480E-8*R!>4.355?E-1 
2*R!4 

1920  X(I)«X(I)*K8 
1030  p(t)-ro*X(I)/80!2 
1940  OOSUB  ’  7:COSTTn  *8 
1950  RETURN 

1060  REM  .  .  . STTBRU7*INA. PERDIDA5  FOR  PRICCION . 

1970  DEtTN,2 

1980  DE7NRTC(X)-X-(-2*TJTO(?.51/(R*8OR(Jt)))/2.302-tD8/3.7'> !  f-2> 

1990  7-8 

2000  IP  RT23/D8  THEN  2030 

2010  L8- (1. 8*1.00  (R)/2.. 302-1. 64)  !  (-2) 

2020  RETURN 

2030  IP  R[560/D8  THEN  2060 
2040  L8-(2*LOO(3.7/R8)/2.302) !  (-2) 

2050  RETURN 

2060  ip  nftr. noons  then  2100 
2070  tt?  naj.0125  Tirai  2100 

2080  L8- .  1*  (1 .  46 *D8-t100 /R>  !  f, 25' 

2000  RETURN 
2100  A-1E-0:R-.1 
2110  8-SON(PfTC(A)  ) 
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2120  T-SGN  (*710(71)} 

2130  PRINT 

2140  tit  c;*T„n  7340 

2150  IF  S*T(0  THEN  2260 
2160  FOR  1-1  TO  1000 
2170  X-A-'-RMT) (.7.)*  (73— A> 

2 iso  v-sonORIOCx)} 

2190  IF  V»0  THEM  23 SO 
2200  IF  S*v[o  T1TOI  2250 
2210  iron  i* 

2220  PRINT  "NO  CHANGE  OF  SIGN  FOUNT)" 

2230  PRINT 
2240  STOP 
2250  J1=X 
2260  F(2J-S)*A 
2270  F(2-S)»l? 

2280  X“(’r(l)-*-F(3)  )/2 
2290  T7-SON  (*7TC  (X j  ) 

2300  IF  U»0  THEN  2380 
2310  F(2-*-tT)«X 

2320  TF  AES  (F '1)-F (3) )  /  (A71R  (F(l) )*ARS  (’ (3) ) )  [ 5E-6  THEN  2380 

2330  OOTO  2280 

2340  jy  S-0  THEN  2370 

2350  X-P, 

2360  GOTO  2380 
2370  X-A 
2380  L8**X 
2300  RETURN 

2400  PJCr . HONEyCOMJIS . 

2410  SET. EOT  PRINT  211(100) 

2420  PRINT  ".HONEYCOMH...." 

2430  SET.E0T  PRINT  005(64) 

2440  PRINT  "IIONEvOOMB” 

2450  IF  38  M 1  THEN  2530 

2460  IF  I-i  THEN  24 70 : K (I ) -K ( I- .! ) : GOTO  7480 

2470  INPUT  "TIPO  DE  SEGGION  (1  CIRCU7.AR..7  REGT)",K(I) 

2480  INPUT  "AREA  EIJ1RE/AREA  TOTAI.",T5 
2490  INPUT  "TJVDO  OF,  LA  ABERTURA  (NM) " ,  D5 
2500  T)5<«D5*lE-3 

2510  INPUT  "ESPF.SOR  DET,  HONEYCGMB",L(T) 

2520  S(I)-K(I) 

2530  GOSini  *1 
2540  R»T70*n5/,r8 
2550  D8-R8/P5 
2560  GOSUT1  *2. 

2570  E-L(I) 

2580  IF  L/05]2  THEN  2610 

2500  Tl-1.324-t.562*a/T)5)-4.236*(L/05)  !7>3.391*(T./05)  l  3-.788*a/ 
05)  !4 

2600  GOTO  2620 
2610  Tl-0 

2620  IF  R[1E5  THEN  2660 

2630  F5- ((.5+Tl*SQR(l-T5))*(l-T5)+(l-T5)  !  2-<-T,8*T./T)5)  /T5 !  2. 

2640  X(I)-R5 


two  w>  rtmh-y 
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2650  onto  2740 

2660  E5«.2259*R!. 12385 

2670  tp  Rl.lKA  THEN  2710 

2680  RE?? . 05  AJUSTADO  PARA  T0-.6...., ..... 

2690  05-7. 7101*R! (-.77707) 

2700  OOTO  2720 

2720  F5=  (05-*-E5*( (.  5JJT1*S0R (1-T5) ) *  (l-T5)-*-(l-T5)  !2)-*-L3*L/D5)/T5!2 

2730  X(I)«F5 
2740  P(T.)-R0*X(I)/R0!2 
2750  OOSUR  '  7 : OOSTJB  '8 
2760  RETURN 
2770  P8-R0/S112 
2780  U8-U8-*-P8 

2790  8 El. EOT  PRINT  211(100) 

2800  PRINT  "PERU IN A  DESOAROA (KO/?!2 ) «" , PR 
2810  PRINT  "PERU IDA  OAROA  TOTAJ.  **",118 
2820  H8-U8*Q/75 

2830  PRINT  "POTEflOIA  ABSORB IRA (CV)  -",!!8 

2840  PRINT  "LONOITUD  TOTAL(?f)  =",N8:PRI?iT 

2850  SELECT  PRINT  005 

2860  .NEXT  Q 

2870  E!U> 

2880  DETTN ' 7 

2890  tp  SIT)"?.  THEN  2°  40 
2900  TP  s(T)-r.(I)  THEN  2920 
2910  n(I)-A(I) 

2920  Pl-n(I) :P2*P1:P3»D1(I) :P4*P3 
2930  OOTO  2° 70 
2040  tp  R(I)«K(I)  THEN  2960 
2950  A(T)-n(I):R(I)-n(I) 

2060  Pl-A(I)  :P2*B(I)  :P3-A1(I)  :P^!!l(I) 

2970  P5-L(I):P6»K(I):P8-S(I):P7-R0:P8-S1 
2980  PO-MO : Xl-Ul : X2=P ( I) 

2990  RETURN 
3000  DEPTH'  8 

3010  SELECT  PRINT  211(100) 

3020  IP  J8-1  THEN  3060 
3030  PRINTUST.NO  3040,PO,X1,X2 

3040  7,  mo  w.,¥  mi  ko/??2  w.** 

3050  OOTO  3110 

3060  IF  XT 31  THEN  3090 

3070  PRINTUSINO  3080 

3080  2  AO  BO  A1  81  LONO  K4  K3  SO  SI  VO 
VI  KO/M2 

3090  PRINTUSINO  3100,P1,P2,P3,P4>P5,P6,XB,P7,P8,P<\X1,X2 

3100  7.W.W  i1*.?*  W.W  W.W  W.W  *  P  W.M  *** 

3110  SEI.ECT  PRINT  005(64) 

3120  RETURN 

3130  DEPTH' 1 

3140  IF  JR[]l  THE?;  3330 

3150  IP  K(I)-2  THEN  .3230 

3160  iv  >1  THEN  3180 

3170  D(I)*D1(I-1)  :Of>TO  3190 


VELl  KO/?f 2 


K4  K3 


« 


3180  INPUT  "UIAMETRO  TNT.CIAL"  ,0  (I) 

3190  IE  7(1) [4  THEN  3,300:01  (I>»0(I)  :Onrro  3340 

3200  tp  S(I)-2  THEN  3300 

3210  INPUT  "OIAMETRO  EINAJ.",H1(T) 

3220  OOTO  3310 
3230  IP  1-1  THEN  3250 

3240  Aa.)-Al(I-l):B(I}-Bl(I-l):r,OTn  3280 

3250  INPUT  "LADOS  INI0IALES..UEKT,H0RI7'\A(I) ,B(I) 

3260  tp  7(1.3  [4  THEN  3280 

3270  A1(I)-A(I):B1(I)-R(I):00T0  3380 

3280  IE  S(I)-1  THEN  3210 

3290  IE  7(1)  r 3 3  then  3300:IE  K(T.)(]S(T)  TIUTI  3300:A1(T.)-A(I)  :B1( 
I)«B(I>:OOTO  3310 

3300  INPUT  "LWS  EINAJ.ES. /U;RT,HORI2",Al(T.),ni(T) 

3310  P  7(1) ] 3  THEN  3330 
3320  INPUT  "T,onr,ITim",L(I) 

3330  TP  K(I)-2  THEN  3380 
3340  so-fPT*n(I)!2/4:UO-o/so 
3350  IE  S (I)-2  THEN  3400 
3360  S1-!*PI*01(I) ! 2/4 :Ul-0/Sl 
3370  r.OTn  3410 
3380  S0=A(I)*B(I)  st.'O-O/SO 
33*0  IP  p(T)«i  THEN  3360 
3400  El-Al ( I ) *81 (T)  ri-O/Sl 
3410  ip  jr ill  THEN  3460 
3420  ip  r.(i> rjs(i)  the: i  346o 

3430  TP  7(lj-l]l  THE::  3460 

3440  IP  K(I)-?/thEM  3470 

3430  0-2*AR0TAN(ABS(  l(I)-n(T))/(2*T,(T))) 

3460  retie;: 

34 70  E  ( I ) - 7* AEOTAN  (.VRS  (A1  (I) -A(7 )  )  /  ( 2*T,  ( I )  )  ) 

3480  El  (T)«2*ARnTA2I  (AP.S  (31  (7)-3  (I)  )  /  (?*T.  (I)  )  ) 

34*0  IP  El(7)  ]E(I)  THE::  3510 
3500  r-R(T):RETtmN 
3510  O-El  (7) : RETJIRN 


TABLE  I 

RESULTS  OF  COMPUTER  PROGRAM 


rVMtl  la^xiU  iW  1MTA 


I  N  T  A 


N.* 


Pig.  28 


* 


CAUDALOQ/S)- 
. HONEY COMB. ... 


.2 


f)  BO  A1 

B1 

LONG 

K4 

K3 

SO 

SI 

VO 

VI 

KG/M2 

1.20  0.60  1.20 

0.60 

0.15 

7 

2 

0.72 

0.72 

0.27 

0.27 

0.13 

PRT.SMATICO 

1.20  0.60  0.40 

0.20 

1.00 

7 

0 

0.72 

0.08 

0.27 

2.50 

n.04 

.rT'A’,o  RECT'1... . 
0.40  0.20  0.40 

0.20 

0.60 

7 

0 

0.08 

0.08 

2.50 

2.50 

0.01 

.TPAMO  RECTO.... 
0.40  0.40  0.40 

0.40 

1.50 

7 

1 

0.08 

0.12 

2.50 

1.59 

0.04 

.dipusor  conico.. 
0.40  0.40  0.50 

0.50 

1.00 

1 

1 

0.12 

0,19 

1.5Q 

1.01 

0.00 

•  RF.JILLA.  ... 

0.50  Q.50  0.50 

0.50 

0.00 

l 

1 

0.19 

0.19 

1.01 

1.01 

0.03 

PERDIDA  DESCARGA (KP/M2 ) « 
PERDIDA  CARGA  Tom 
POTENCTA  A?5SORBTRA (Cv)  > 
LONCTTUR  TOT.M/’O  = 


6 . 3522 1 788E-02 
.3526966751413 
0.405 3446 7E-04 
4.355 


CAUDAL (V3/S)- 

.4 

.HONEYCOMB, ... 

VELD 

0.55 

PP-lSMATT.cn 

VELO 

0.55 

.TPAMO  RECTO.... 

VELO 

5.00 

.TPAMO  RECTO.... 

’TXO 

5.00 

.DIPUSOR  CONICO.. 

'TXO 

3.18 

.REJILLA.... 

VELO 

2.03 

PEED IDA  DES  CARGA (KG /ME ) 
PERDIT)A  CARGA  TOTAL 
POTKtTCTA  ABSORB IDA (CV) 
LOMCTTim  TOTAJ.(M) 


'03.1 

0.55 

KG/M2 

0. 

,20 

VELl 

5.00 

KG/«2 

0. 

.16 

"ELI 

5.00 

KG /VP 

0. 

,07 

VELl 

3.18 

KG/M2 

0, 

,1° 

’00.1 

2.03 

KB/M2 

0. 

.02 

VJX1 

2.03 

KG/’G 

0. 

,13 

. 2540887152223 
1.135151251027 
6.05414000E-03 
4.255 


CAUDAL (M3/S)«  .6 


.HONEYCOMB.... 

VET.0 

0.83 

PRT.SMATICO 

VELO 

0.83 

.TRAMO  RECTO.... 

VELO 

7.50 

.TRAMO  RECTO.... 

VELO 

7.50 

.difusor  conico.. 

'HZ  A 

4.77 

.REJILLA.... 

VET/I 

3.05 

PERDIDA  DES CARGA (KG/TG ) 
PERDIDA  CARGA  TOTAL 
POTENT XA  ABSORB IDA (CV) 
TX)?mrnn)  total (M) 


'0X1 

0.83 

KG/M2 

0.49 

’CXI 

7.50 

KG/TG 

0.36 

VEJ.1 

7.50 

KG/JG 

0.17 

"ELI 

4.77 

KR/TG 

0.42 

VEJ.l 

3.05 

KG/’G 

0.05 

'0X1 

3.05 

KG/M2 

0.26 

,57169<»6092501 
2.356952527758 
1, 88536 202E-02 
4.255 


I  N  T  A 


P4g-  29 


I 


1 


CAUDAL <M3/S>-  .8 


.HONEYCOMB.... 

VELO 

i.n 

PRISMATICO 

VELO 

i.ii 

.TPvAMO  RECTO.... 

PET JO 

10.00 

.TRAMO  RECTO.... 

PELO 

10.00 

.DIPUSOR  conico. 

• 

VELO 

6.36 

♦REJILLA#  •  •  « 

VELO 

4.07 

PERDIDA  DESCARGA  (KG/M2  ) 
PERDIDA  CARGA  TOTAL 
POTENCIA  ABSORB ITU  (CV) 
LONGITITD  TOTAL  (M) 


mi 

1.11 

KG/M2 

0.73 

PEL1 

10.00 

KG/M2 

0.65 

mi 

10.00 

KG/M2 

0.30 

mj. 

6.36 

KG/M2 

0.76 

4.07 

KG/M2 

0.08 

VEL1 

4.07 

KG/M2 

0.45 

1.016354860889 

4.012602944313 

4.28010980E-02 

4.255 


m 

! 


CAUDAL (M3/S)-  1 


,HOMEvCOMR.  ... 

veld 

1.38 

PRISMATICO 

VELO 

1.38 

.TRAMO  RECTO.... 

m<o 

12.50 

.TRAMO  RECTO.... 

PE  LO 

12.50 

.DIFUSOR  CONICO. 

• 

VELO 

7.95 

. REJILLA. ... 

VELO 

5.09 

PEPDIDA  DESCARGA  (KG/M2  ) 
PERDIDA  CAROA  TOTAL 
POTENCIA  ABSORB IDA (CV) 
LONciTnn  total  CM) 


CAUDALOO/S)-  1.2 


.HONEYCOMB.... 

VELO 

1.66 

PRISMATICO 

VELO 

^1.66 

.TRAMO  RECTO.... 

VELO 

15.00 

.TRAMO  RECTO... . 

VELO 

15.00 

.DIPTTSOR  CONICO. 

• 

VELO 

9.54 

.REJILLA.... 

PEI /I 

6.11 

PERDIDA  DES CAROA (K0/M2) 
PERDIDA  CAROA  TOTAL 
POTENCIA  ABSORB IDA (CV) 
T/WOITtm  TOTAL (M3 


"ELI 

1.38 

KC/M2 

1.01 

VEL1 

12.50 

KG/M2 

1.01 

PELl 

12.50 

KG/M2 

0.47 

PEL1 

7.95 

KG/M2 

1.19 

VEL1 

5.09 

KG/M2 

0.13 

mi 

5.09 

KG/TT2 

0.60 

1.588054470139 
6.109700567488 
8. 14626742E-02 
4.255 


VET  JL 

1.66 

KG/ M2 

1.31 

PET.1 

15.00 

KG/M2 

1.46 

VEI.1 

15.00 

KG/M2 

0.68 

m.i 

9.54 

KG/TT2 

1.71 

PELl 

6.11 

KR/M2 

0.19 

PELl 

6.11 

KR/M2 

0.99 

2.286708437 

8.654544001874 

.1384727040.1 

4.255 


A-VOtt.1  laprMla  d*l  I  NT A 


I  NTA 


N.* 


P4g.  30 


i 


CAnPAL(M3/S>-  1.4 


.  HONEYCOMB.  ... 

VELO 

1.94 

PRISMATICO 

mo 

1.94 

.TRAMO  RECTO.... 

VELO 

17.50 

.TRAMO  RECTO.... 

VELO 

17.50 

.BIFUSOR  CON1CO. . 

m.o 

11.14 

.REJILLA. 

VELO 

7.13 

PERBIBA  DESCARr,A(Kr,/M2)- 
PERDIBA  CAROA  TOTAL 
POTENCIA  ABSORB  IDA  (CV)  - 
LONOITtll)  TOTAL (M) 


VEL1 

1.94 

ir,/M2 

1.65 

mi 

17.50 

KG/M2 

1.98 

mi 

17.50 

KG/M2 

0.93 

VEL1 

11.14 

KG/M2 

2.33 

mi 

7.13 

KG/M2 

0.25 

mi 

7.13 

KG/M2 

1.35 

3.112586761473 

11.63357811892 

.2171601248865 

4.255 


» 


» 


CAUB  AJ.  (M3  /  S  )  ■  1.6 


.HONEYCOMB.... 

mo 

2.22 

PRISMATICO 

VELO 

2.22 

.TRAMO  RECTO.... 

m,o 

20.00 

.TRAMO  RECTO.... 

mo 

20.00 

.BI7USnR  CONICO.. 

VELO 

12.73 

.RF-TILLA.... 

velo 

8.14 

PERBIBA  BESCAROA (KC/M2 ) 
PERDT.BA  CAROA  TOTAL 
POTENCIA  ABSORBXDA(CV) 
LONGITUB  TOTAL  CO 


VEL1 

2.22 

KO/M2 

2.01 

VEL.l 

20.00 

KG/M2 

2.59 

,rEIJL 

20.00 

KG/!12 

1.21 

mi 

12.73 

KC/M2 

3.04 

mi 

8.14 

KG/M2 

0.33 

m,i 

8.14 

KG/M2 

1.77 

4.065419443558 

15.04693288118 

.3210012347985 

4.255 


CAOBALCt3/S)-  1.8 


* 

i 

.HONEYCOMB.... 

mO  2.50 

m.i 

2.50 

KG/M2 

2.40 

< 

PRISMATICO 

mO  2.50 

mi 

22.50 

KG/M2 

3.28 

j 

.TRAMO  RECTO.... 

mo  22.50 

VELl 

22.50 

KG/M2 

1.54 

’  * 

.TRAMO  RECTO.... 

VELO  22.50 

mi 

14.32 

KO/M2 

3.85 

| 

i  ^ 

•  f- 

.BIPOSOR  CONICO.. 

VELO  14.32 

m.i 

9.16 

KR/M2 

0.41 

i  £ 

i 

.  REJILLA.  ... 

VELO  9.16 

mi 

9.16 

KG/M2 

2.24 

*  i 

1 
n 

mi 

PERDIDA  BESCARGACfT,/'M2)- 
PERDIBA  CAROA  TOTAL 
POTENCIA  ABSORBIBA (CV)  - 

5.145296483252 

18.8935172618 

.4534444142832 

LOHOITUB  TOTAL 00  -  4.255 


i 


k|*««u  «Wi  I  NT  A 


1 


INTA  N.*  Pig.  31 


CA0DAL(M3/S)-  2 


.HONEYCOMB  .... 

VELO 

PRISMATTCO 

2.77 

VRL1 

2.77 

KG/M2 

2.82 

VELO 

.TRAMO  RECTO.... 

2.77 

VEL1 

25.00 

KC/M2 

4.04 

VELO 

.TPAMO  RECTO.... 

25.00 

veli 

25.00 

KG/M2 

1.90 

VELO 

.DIFUSOR  CONICO., 

25.00 

» 

'=EL1 

15.91 

KC/M2 

4.76 

VELO 

.REJTTJj\.  999 

15.91 

’o=3,i 

10.18 

KC/M2 

0.51 

VELO  10.18 

PERDIDA  DESCAROA  (KG/M2  )  - 
PEED IDA  CAROA  TOTAL 
POTENCIA  ABSORBIDA(CV)  - 

LONOITim  total (m) 

’o=3,i 

10.18  EC/m?  2.77 
6. 352217880558 
23.17241852623 
.6179311606995 
4.255 

CAUDAL  (M3/S  )  « 

2.2 

.HONEYCOMB.... 

vEL0 

PRISMATTCO 

2.05 

VEL.l 

3.05 

KC/M2 

3.26 

VELO 

.TRAMO  RECTO..,. 

3,05 

"ELI 

27.50 

KC/M2 

4.89 

VELO 

.TRAMO  RECTO.... 

27.50 

’0=3,1 

27.50 

KO/M2 

2.30 

”EL0 

.DTTUSOR  CONICO.. 

27.50 

’0=3.1 

17.50 

K0/M2 

5.76 

’0=3,0 

.REJILLA. ... 

17.50 

’0=3.1 

11.20 

EC/M2 

0.61 

VELO 

11.20 

VEL1 

11.20 

KG/M2 

3.35 

PERI) IDA  RESCAR0A(K0/?t2}«  7.686183635473 
PERI) IT) a  CAROA  TOTAL  -  27.88285677454 
POTENCIA  ABSORBIDA(CV}  -  .817807132053?. 
LONOTTTTD  TOTAL  (M)  -  4.255 


CAUDAL  OH/S)-  2.4 


.HONEYCOMB.... 

VELO  3.33 

VEL1 

3.33 

KG/M2  3.73 

PRISMATICO 

’03.0  3.33 

’03,1 

30.00 

KG/M2  5.82 

.TRAMO  RECTO.... 

’U2L0  30.00 

'0=3,1 

.30.00 

KO/U?  2.74 

.TRAMO  RECTO.... 

’03,0  30.00 

’0=3,1 

19.09 

KG/M2  6.85 

.DIFUSOR  CONICO.. 

VELO  19.09 

’0=3,1 

12.22 

KG/M2  0.72 

.RE.TTTJA,  ... 

VELO  12.22 

’0=3.1 

12.22 

RC/M2  3.98 

PERDIDA  DESCARCA (K0/M2)- 

9.147193748002 

PERDIDA  CAROA  TOTAL  - 

33.02415445622 

VOTENCIA  A5SORRIDA (UV)  - 

1.056772942599 

LONOTTUD  TOT  AT.  00  - 

4.255 

ImprMU  4*1 1NTA 


I  N  T  A 


N. 


CAUDAL  (M3/S)"  2.6 


.HONEYCOMB.... 

"ELO 

3.61 

"ET,1 

3.61 

KG/M2  3.65 

PRTSMATTCO 

"ELO 

3.61 

"ELI 

32.50 

EO/M2  6.83 

.TRAMO  RECTO.... 

"ELO 

32.50 

"ELI 

32.50 

KG/M2  3.21 

.TRAMO  RECTO.... 

"ET.0 

32.50 

"EL.l 

20.69 

KG/M2  8.04 

.dieusor  coni co.. 

"ELO 

20.69 

"ELI 

13,24 

KG/M2  0.84 

•REJILLA.  ... 

"ELO 

13.24 

"ELI 

13.24 

KC,/”J2  4.68 

PERU IDA  DESCAROA (KC/M2) " 
PERDIPA  CAROA  TOTAL 

rotencta  absorb ida (c")  - 

LONOTTTJO  TOTAL (M) 

10.73524821814 

38.02644462232 

1.31825008024 

4.255 

CAUDAL  C'3/S)-  2.8 


. KONEv COMB. . . . 

VELO  3.38 

'0=1,1 

3.88 

K0/M2  4.12 

PRISMAT1C0 

"ELO  3.88 

"ELI 

35.00 

KG/’12  7.92 

.TRAMO  RECTO.... 

"ELO  35.00 

'0=1,1 

35.00 

KO/M2  3.73 

.TRAMO  RECTO.... 

"ELO  35.00 

"ELI 

22.28 

KG/M2  9.33 

.MEUSOR  CONICO.. 

"ELO  22.28 

'01,1 

14.26 

KO/M2  0.98 

.REJILLA. ... 

"ELO  14.26 

"ELI 

14.26 

KG/M2  5.42 

PERDIPA  DESCAROA (KG/M2)- 
PERDTDA  CAROA  TOTAL 
POTENCIA  ABSnRBIDA(C")  - 

LOUOTTim  total  CO 

12.45034704589 

43.07013759162 

1.64188780342 

4.255 

caudal  9  D/s )-  .1 


.HONEYCOMB.... 

"ET,0  4.16 

"ET,1 

4.16 

KO/M2  4.62 

PRISMATICO 

"ELO  4.16 

"ELI 

37.50 

KG/M2  9.09 

.TRAMO  RECTO,... 

"ELO  37.50 

VEL1 

37.50 

KG/M2  4.28 

.TRAMO  RECTO.... 

"ELO  37.50 

'01,1 

23.87 

KG/M2  10.71 

.PIPUSOR  CONICO.. 

7ET.0  23.87 

"ELI 

15.27 

KG/M2  1.12 

.REJILLA. ... 

"ELO  15.27 

'01,1 

15.27 

KG/M2  6.23 

PERD1DA  DESCAROA (KG/M2)- 
PERD1DA  CAROA  TOTAL 
POTENCIA  ABRORBIDA(OV)  - 
LONOTTTJI)  TOTAL  (M) 

14.29249023125 

50.36029154165 

2.014411661667 

4.255 

I  N  T  A 


Pig.  33 


CAUDAL CM3/S)-  3.2 


.HONEYCOMB. ... 

VELO  4.44 

mi 

4.44  KO/M2 

5.13 

PRISMATICO 

VELO  4.44 

VKLl 

40.00  KO/M2 

10.34 

.TRAMO  RECTO.... 

VELO  40.00 

mi 

40.00  KO/M2 

4.87 

.TRAMO  RICCTO.... 

'OSLO  40.00 

VELl 

25.46  KO/M2 

12.19 

.DIFUSOR  COMICO.. 

VELO  25.46 

veli 

16.29  KO/M2 

1.27 

.REJILLA.... 

VELO  16.29 

mi 

16.29  JCG/M 2 

7.09 

PERDIDA  DESCAROA (KO/M2 ) “ 
PERDIDA  CAROA  TOT  AT. 
POTENCIA  ABSORBIDA (CV)  - 
LONOITUD  TOTAL (M) 

16.26167777423 

57.16956293388 

2.439234685179 

4.255 

CAUDAL  C13/S)-  3.4 


.HONEYOOMP.... 

VELO  4.72 

"ELI 

4.72 

KO/V2 

5.67 

PRIS’tATICO 

VELO  4.72 

VELl 

42.50 

KT,/M2 

11.67 

.TRAMO  RECTO.... 

mO  42.50 

veli 

42.50 

K0/M2 

5.50 

.TRAMO  RECTO.... 

"KLO  42.50 

'mi 

27.05 

KB/  M2 

13.76 

.difusor  CONICO.. 

mo  27.05 

'mi 

17.31 

KO/M2 

1.43 

.REJILLA.... 

VELO  17.31 

”E7,1 

17.31 

KO/M2 

8.00 

PERDIDA  DESCAROA (!C0/M2)“ 
PERDIDA  CARO,'.  TOTAL 
POTENCIA  A3S0RRIDA(CV)  - 
LONOITUD  TOTAL  00 

18.35790967481 
66.4964  770888 
2.919760335492 
4.255 

CAUDAL (M3/S)-  3,6 


.HONEvCOTOt....  ' 
VELO 

5.00 

VELl 

5.00 

ICO/’ 12 

6,7.2 

PRISMATTCO 

velo 

5.00 

VELl 

45.00 

ICO/’ 12 

13.08 

.TRAMO  RECTO.  .  .  . 

VELO 

45.00 

VELl 

45.00 

KO/M2 

6.17 

.TRAMO  RECTO.... 

"ELO 

45.00 

"ELI 

28.64 

EO/M2 

15.42 

.DIFUSOR  CONICO.. 

'mo 

28.64 

"ELI 

18.33 

EO  /'  '2 

1.60 

.REJILLA.  ... 

velo 

13.33 

VRJ,’ 

18,33 

EO/M2 

8.97 

PERDIDA  DESCAROA (KO/V2?- 
PERDIDA  OAROA  TOTAL 
POTENCIA  ARSORRIDA(CV)  - 
T/VTOTTTTD  TOTAL/?!} 

20.581185933 

72.07070884028 

3.459394024333 

4.255 

A-1/UK2.3  ImpreuU  ct«i  INTA 


INTA 


N.® 


P4g.  34 


0AirDAI.(M3/S)=  1.8 


.JtOMEVcoftB.... 

'00.0 

5.27 

PRXSYATIOO 

vET.n 

5.27 

.TPAMO  RECTO.... 

VET.O 

47.50 

.TPAMO  recto.... 

V70.0 

47.50 

.RT.vUSOR  COMT.r.O. 

• 

'mi) 

30.23 

.REJXL7A. ... 

VELO 

19.35 

PEPDXDA  DnsrAR0A(K0/M2y 
PERDXDA  OARGA  TOTAL 
POT EMC XA  AISRORBXDACCV) 
I/INGITim  TOTAL  (M) 


'00,1 

5.27 

KG/M2 

6.80 

vrli 

47.50 

KG/M2 

14.57 

'00,1 

47.50 

KG/M2 

6.87 

'00,1 

30.23 

kg/mr 

17.19 

VR7,1 

19.15 

>:r,/ M2 

1.77 

'00,1 

19.35 

KT./M2 

10.00 

22.93150654881 

80.16196327854 

4.0615.1947278 

4.255 


CAUDAL (M1/S)- 

4 

,H0MEvC2JtJl.  ... 

'00,0 

5.55 

VRXSHATICO 

'00,0 

5.55 

."RAMO  RECTO.... 

VE7.0 

50.00 

.TRAMO  RECTO.... 

'00.0 

50.00 

.DXEITSOR  COHICO. 

• 

VELO 

31.83 

.RKJILIA. ... 

'00,0 

20.37 

PKRDTDA  nESCARGACKG/Y?.} 
PERDIRA  CARGA  TOTAL 
Pn^KNCTA  AJtSORBXDA(OV) 

lohoxtud  total  co 


CAUDAL  (113/ S)« 

4.2 

.honeycomb.... 

'00,0 

5.81 

PRXEMATICO 

''■70,0 

5.83 

.TRAMO  PvECTO.... 

VRT.O 

52.50 

.TRAMO  RECTO.... 

VELO 

52.50 

.DXPUSOR  CONXCO. 

• 

VET/) 

33.42 

.REJXTJA.  ... 

VELO 

21.39 

PERRXDA  RES CARGA  (KG/ M2  ) 

PERRXDA  carga  total 
POTENOXA  ABSORBIDA(CV) 
LOIIOXTHI)  TOTAL (M) 


'00.1 

5.55 

KG/M2 

7.40 

vRT.l 

50.00 

KG/M2 

16.14 

'00.1 

50.00 

JIG/M?. 

7.61 

'00.1 

31.83 

KG/M2 

19.04 

VEI.l 

20.17 

KG/ M2 

1.96 

'00,1 

20.37 

KG/M2 

11.08 

25.40887152223 

88.679^9729108 

4.729599855611 

4.255 


'00.1 

5.83 

KG/M2 

3.02 

'00.1 

52.50 

KG/M2 

17.  79 

VEI.l 

52.50 

KG/TI2 

8.40 

'00,1 

33.42 

KG/M2 

21.00 

,TEI,1 

21.39 

KG/M2 

2.16 

'00,1 

21.39 

KG/M2 

12.21 

28.01128085126 
°7. 62450418159 
5.466972234281 
4.255 


CAUDAL (M3 /R) 


4.4 


.HONEYCOMB. 


VELO  6.11 

ERTRTtATT.CO 

VF.L1 

6.11 

KG/M2  8.67 

vklo  6.ii 

•TRAMO  RECTO.... 

VEL1 

55.00 

K0/M2  19.53 

VELO  55.00 
.TRAMO  RECTO.... 

VEL1 

55.00 

KG/H2  9.21 

VKLO  55. 00 
•DIFUSOR  CONICO.. 

VETJL 

35.01 

kr/u2  23.04 

VELO  35.01 

•rejtlla.... 

VEL1 

22.40 

KG/M2  2.37 

’HiXO  22.40 

PERU IDA  DRSCARRA (KG/M2 1 ■ 
PERPIDA  CAROA  TOTAL  ■ 
POTENCIA  ADSORB IDA (CV)  « 
LOJTRT.TUD  TOTAL  Ot)  - 

REL1 

22.40  KR/M2  13.40 
30.7447345419 
106.9951351918 
6.277047931252 
4.255 

CAUDAL  (M3/S  )«=  4.6 


. HONEY COMR .... 


mO  6.38 

PRISMATICO 

,rELl 

6.38 

KR/M2 

9.33 

VET/)  6.38 
.TRAMO  RECTO.... 

mi 

57.50 

KO/M2 

21.34 

mo  57.50 
.TRAMO  RECTO.... 

m.i 

57.50 

KG/M2 

10.07 

mo  57.50 

.DTEUROR  CONICO., 

mi 

36.60 

KR/M2 

25.19 

mo  .36.60 
.REJILLA.... 

mi 

23.42 

XG/M2 

2.58 

mo  23.42 

PERDIDA  DF.S  CARCA  (ICO  /’ t2  )  ■ 
PERDIDA  CAROA  TOTAL 
POTENCIA  ABSORB IDA (CV)  . 
LONGITTTD  TOTAL  CO  - 

RELl 

23.42  KR/M2  14.65 
33.60323258816 
116.7917771709 
7.163228999815 

4.255 

CAUDAL  (M3/R).  4.8 


.HONEYCOMB. 


mO  6.66 

PRISMATICO 

vkli 

6.66 

KG/K2 

10.01 

VELO  6.66 
.TRAKO  RECTO,... 

mi 

60.00 

KR/M2 

23.23 

VELO  60.00 
.TRAMO  RECTO.... 

VELl 

60.00 

EG/ M2 

10.97 

VELO  60.00 
.DITOROR  CONICO.. 

VET.l 

38.19 

KC/M2 

27.42 

mo  38.19 
«  REJILLA. ... 

m.i 

24.44 

KR/M2 

2.81 

VET.0  24.44 

PERDIDA  DKSCARGA (K0/M2 ) - 
PERDIDA  CAROA  TOTAL 
POTEHCIA  ABSORB IDA (CV1  - 
LONOT.TUD  TOTAL  (M)  ‘  . 

veli 

24.44  KR/M2  15.95 
36.58877499201 
127.014179195 
8.12890746848 

4.255 

I|M*AU  <WI  1MT1 


I  N  T  A 


N 


Pig.  36 


CAUDAL(M3/S)»  5 
.HONEYCOMB.... 


VELO  6.94 

PRISMATICO 

VELO  6.94 
.TRAMO  recto.... 

VELO  62.50 
.TRAMO  RECTO.... 

VELO  62.50 
.DIFUSOR  CONICO.. 

VELO  39.78 
.PT-JITJA.  ... 

,rEL0  25.46 
PERDIDA  DES0ARGA(K0/H2) 
PERDIDA  CARGA  TOTAL 
POTENCIA  ABSORBIDA (CV) 
T4UICITUD  TOTAL  (M) 


VEL1 

6.94 

KG/712 

10.71 

VEL1 

62.50 

KG/712 

25.7.1 

mi 

62.50 

KG/M2 

11.90 

mi 

39.78 

KR/M2 

29.76 

mi 

25.46 

KG/M2 

3.04 

m.i 

25.46 

KG/M2 

17.31 

39.70136175348 

137.6620548338 

9.177470322253 

4.255 
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MANUFACTURING  DRAWINS  OF  ICING  TUNNEL 
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CO  LECTOR. 
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4.  tbfOK  F-3I4- 

Marco 

DESIGNACION 

(otidad 

MATERIAL  Y  TR  AT  AMI  ENT  O 

Tolarancias  admitidas  an  dimanslonot 
tin  indicacidn  da  tolarancia,  para 
trabajot  arroncando  vlrutot 

Conjunlo 

TUN  EL  FORMATION  HIEL0 

Eiulii 

1:10 

INTA 

man  mbib 

PROYECTOS 

Sccttm 

TtltraiKia 

Mttritrti 

Ttltrwdi 

Tdw«K(« 

1+  3 
3+  10 
10+  30 
30-i  -  80 
80—180 
180-360 
360  ;  600 
500-800 
Iff*  800 

-0,16 

—  0,25 
-0,30 

—  0,40 
-0,50 

-0,80 

—  0,80 
-  1,0 

1-0,16 
t  0,26 

+  0,30 
^0,40 
(0,60 
i  0,80 
!-  0,80 
r  1,0 
+  '/.•/. 

±0.16 
±0,26 
±0,30 
±0,40 
±  0,80 
*  0,80 
±0,80 
±  1,0 
±  v*  •/• 
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E 

•9 

z 
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~  Sofidkii  m  Watt 
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||||||^| 
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N0n».  dal  piano 

C  i/  -  / 

Cakadt 

VtrMkadt 
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# 
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/ 
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Marco  DESIGNACION 

Toleroncios  admitidoj  en  dimens  ones  Conjunto 
fin  indieocidnide  roleroncia,  para 

frabojof  arrancando  virutas  -j-  ■  ( 

Sector*  ToUrano.  Toltronti. 

4#  e Wipes  oxteciom  interi.r.1  fa,,r0"t,# 


1 

3 

0,15 

0,1  ft 

-ir 

0,15 

Tito 

Hi  (toft  ««  *4kK*« 

3- 

10 

—  0.25 

0,2ft 

0,25 

(M  T,T  b®. 

10- 

30  f 

•  0,30 

•  o,:to 

± 

0,:io 

(HIM  to  nm  mton 

30-r 

80 

-  0,40 

0,40 

0,40 

80- 

180 1 

-  0,50 

o,5o 

* 

0,50 

— 

SeperUtie  tn  hope 

ISO  - 

350 

0.80 

<1,80 

• 

0,60 

T 

b*if. 

340- 

600  i 

-  0,80 

0,80 

* 

0,80 

VT 

•  bn. 

400-- 

800i 

-  1,0 

1,0  1 

±. 

1,0 

VST 

>  oey  Im 

l»Mb 

800  j 

-  '/.% 

4- • 

- 

TYVT 

•  (.RMd. 

Dibujeb. 


MATERIAL  V  TRATAMIENTO 

T*  INTA 

/  •  Til  i  Fin  kkulq 

PROYECTOS 

Neb.  beetbre  <•' P««h»  TalNra, 

Peticionario 


Num.  del  plane 

-V,  O  - 


CekWe 


TAP  A  TRAMS  VSR  SAL 
'Flaw  AA  -  84-  023’ a/z  '3 
Mei&cnUio  kiua/xt,r6»fc 
•2  fizz*,! 


"Li- 


>4  5.2 

CP  <4  / 


'  /4c; 


J=J 


Morco 
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OfSIGNAClON 


Tolwamia$  admitidas  en  dimension** 
tin  indicacidn  d*  tolerancia,  para 
trabajos  arraneando  virutas 


Mm 

Tetowde 

TefermKie 

inttriem 

Itlereetie 

lr  » 

-0,1ft 

0,15 

=e0.15 

J—  10 

—  0,2fi 

•  0,25 

*0,25 

104-  *> 

-0^0 

-  0,30 

*  0,30 

*04-  80 

-0,40 

0,40 

0,40 

80-4180 

-  0,50 

•  0,80 

*  0,60 

180  -3*0 

-0,80 

-  0,60 

-  0,60 

tt0-4800 

-0,80 

•  0,80 

*-  0,80 

*004-800 

-Ifi 

-  1,0 

=t  1.0 

IfMbROO 

- 

Conjonfo 

\T!JVEL  FCt'LfACt  j.*J  HUL'LO 


/ 


CwtiM 


i.uAT'>  i  t  /  ’ 


MATERIAL  Y  TR  ATAMIENTO 


Idu  in  ndn  di  taMncMt 
MMfcm am*e» 


Septdki*  m  knrte 


V 

VT 

YT? 

mv 


tmim 

/•/ 
2  / 

’MTA 

TLJDKDKQ 

PROYCCTOS 

— * - y-*» - 

- »- 

rMmWIMW 

SV-  023- A 

A 

I 


fleer o  rooK. 


sisignacion 


Toloranclas  admitidei  «n  dimantionas  Canjunta 
sin  indication  d«  tolarancla,  para 
trabajas  arrantando  virutas 

Stctom  Tsitanda  Tsimsd*  _ 

Otnsdldn  Mtsritcti  Istsdsm 


-0,1#  |  +  0,1# 

+  0,1# 


CiittM 


MATERIAL  Y  TRATAMIENTO 


.  ”  INTA 

jVNFL  FOflMACtOH  HlELO  I  •  1  tmihr  tnmm 


NOm.  dal  piano  TaUarM 


+  0,80  ±0,10 

+  0,80  *<MW 

+ 1,0  *  1,0 

+  'It  '/•  *  'It  *lt 


NOm.  dal  plana  /  . 

ffV-0  ZS'fl/? 


OIFUSOR. 

/ 

tfcrrO  Jn ok. 

Marco 

DESIGN  ACION 

(••Mad 

MATERIAL  Y  TRATAMIENTO 

Toiaroacim  odmWdoi  an  dimao»io««»  Con^vnte 
dn  Indkaddn  da  taiaroneio,  ports 

Irobofoi  orroncond©  tdnrtot _ TirKlFI 


7VNEL  RXMACOti  H/ELO 


INTA 


novccTot 


MO-l-MO 


+«,« 

+M» 

4- (MO 

+  M0 
+  <*•• 
Ov*e  |  +M» 

+  t,P 

•/.*/.  i  +•/.% 


•  ■V« 


Ndm.  dai 


oravn 

IE3E£dEW0 


J5 j\ AfiAloSi.  o  X 


OCSIGNACION 


Toteroncie*  odmitidai  *n  dimension**  Conjgnfo 
si*  Iwdtoddn  d*  tol*co*elo,  per* 

trebles  ammeondo  sisvtos  .  . 


MATERIAL  Y  TRATAMIENTO 


TUN  EL  FORM  AC! ON  HtELO 


t -  S 
*-  10 
10—  » 

to-  so 

SO-rlSoj 
180- MO, 


0,15 

-0,1*  ! 
0,10 
-  0,40 
-0,50 
0.00 
-aim  , 
-Ifi  i 


,  0,15 
I  0,26 
4  0,30 
4  0,40 
|  0,80 
|  0,«0 
|  0,80 
4  1,0 
+  */.•/• 


±0.15 
±0,26 
±  0,30 
r±  0,40 
t-  0,80 
i  0,80 
*  0,80 
±  1.0 
■r  '/,% 


INTA 
TftLOD  fiQDIQ 

PROYECTOS 


N6m.  d*l  piano  Tall*f*t 


Peticionario 


Ngm.  d*l  piano 

84  023 -A 


DESIGNACION 


- - _  ^n,  |C,^|  M  ATM  I A  l  Y  TKATAMIENTQ 

ToUranciat  ad  mi  tides  an  diman  sionas  Conjunto  r 

tin  Indicacidn  da  tolarancio,  para  *“•••«  . 

frobojot  arrancando  »lruta«  t  I  N  T> 

sacttmTwwwTg  i*iw«iKio~  =  EUNEL.  FORMA C  10 M  H/ELO  tuinrt  m 
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INTA 
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NOm.  dal  piano  Tallarai 
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o/.  ,-v>a  J  A 


M -33*  1.5 


CP  /S45" 


$  32. S 


B-&  \  tap  a  isreAioQ  mcdelo 


DESIGN  ACION 


OuAAL  AAoO/ZAOO 


MATERIAL  Y  TRATAMIENTO 


Toloranelos  admitidas  on  dlmoaslonos  Coo  (unto 
sin  Indicacldn  do  tolorondo,  para 

trobolos  orrancondo  rlruta,  YUNBL  FORMAOQAI  H  i  FLO 
Soctard  I  Tslsnodo  I  Taiwmdo  (  ~ 


d«  atSMn  I  sittriwM  Mariam 
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tO-i-  30 
30-r  80 
8O-rl80 
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3*0-600 
600—800 
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390  _ ,12< 
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■ 

1  .Ni 

t 

* 
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Material  Dlb»j»*>  15-iO-6* 
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ventilator  hn/ro-soorv.gr-90* 

v’°  C0NJUHT0 


_ -MOJA  >  /^ 

TALIEBES  1BABBETA,  l  L 

28.822 


Mr 


R BDUCS  0 
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A-i/Wi.3  lmprtulji  U«i  I  NT  A 


A  l/Utt  S  InprvuU  0*1  1NTA 


I  N  T  A 


CALIBRATION  TEST  PROBES  REPORT 


At/ttlXS  lw|>fMiit  0*1  I  NT  A 


A-UMX-S  ImimmU  «U1 1  NT  A 


I  N  T  A 


de  Informe  1-231/510/84.076 


Pig. 


2 .  - 


-  T.S.I.  1210-20/43093/121014 

-  T.S.I.  1210-20/43099/121014 

b)  Sondas  de  hilo  caliente  cilindricos  rectos  a  90°con  respec- 
to  al  eje  de  la  sonda  modelos: 

-  T.S.I.  1210-T1. 5/41266/121002 

-  T.S.I.  1210-%1. S/41268/121002 

El  limite  superior  de  frecuencias  y  las  constantes  de 
tiempo  se  han  obtenido  a  una  velocidad  de  aproximadamente  100 
m/seg,  sometiendo  a  los  distintos  sensores  a  una  onda  cuadra- 
da  de  1  Khz  y  2  voltios  de  frecuencia  y  ampiitud  respectiva- 
mente. 

La  temperatur.a  de  funcionamiento  de  los  distintos  sen- 
sores  se  computo  por  el  metodo  de  las  resistencias  de  opera--, 
cion,  a  partir  de  los  datos  suministrados  por ’ el  fabricante . 

La  ley  elegida  para  simular  el  comportameinto  real  de 

la  transf erencia  de  calor  desde  los  traductores  fue  la  Ley  de 

King,  por  lo  que  el  tratamiento  analitico  se  realizo  confron- 

tando  los  valores  de  la  tension  DC  de  salida  del  anemometro 

+  2 

reducida  por  los  efectos  termicos,  es'to  es  E  /(T  -T),  con  el 

s 

flu jo  masico  incidente  sobre  el  sensor.  De  este  modo  se  obtu- 
vieron  curvas.de  calibracion  universales  respecto  a  la  tempe- 
ratura  fluida  y  al  flujo  masico.  Se  considero  tanto  a  la  visco 
sidad  dinamica  como  a  la  conductividad  termica  del  aire  cons¬ 
tantes  e  independientes  de  la  temperatura  a  lo  largo  de  las 
calibraciones . 

La  determinacion  de  las  constantes  de  calibracidn  A,  B 
y  n  se  realizo  mediante  el  programa  Fortran  "AJUSTE”  que  hace 
uso  de  las  ecuaciones  de  gobierno  de  los  distintos  tramos  del 
calibrador  T.S.I.  modelo  1125  y  del  metodo  de  obtencion  de  so- 
lucion  por  minimos  cuadrados. 


I  N  T  A 


N.' 


de  Informe  I-231/S10/84 . 076 


l 


Pig. 
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DATOS  TECNICOS 

-  Fecha  de  calibracion:  25  de  Octubre  de  1984 

-  Caracterlsticas  del  sensor:  Sensor  de  hilo  caliente  cillndri- 
co  recto  a  90°con  respecto  al  eje  de  la  sonda,  con  una  longi- 
tud  de  area  sensible  de  1.25  mm  y  un  diaraetro  de  4  micras 
(razon  de  forma  de  aproximadamente  312.5),  con  distancia  en- 
tre  los  soportes  de  1.5  mm.,  compuesto  de  Tungsteno  y  lami- 
nado  de  Platino). 

-  Utilidad  del  sensor:  Para  determinar  la  velocidad  media  e  in-r 
tensidad  de  la  turbulencia  en  la  direccion  del  eje  de  la  son¬ 
da. 


DATOS  ELECTRICOS 


O 

interna 


0.26  SL 


R(°  C)  =  5.35  SL 
R(22°C)  s  5.93  JP- 
R( 1 00° C )  =  7.43  -C- 


operacion 


=  10.81  Si. 


Obteniendose  a  aproximadamente  100  'm/seg.  una  constante  de  tien 
po  ^  -  S|us  lo  que  comporta  un  llmite  superior  de  frecuencias  de 
hasta  154  Khz  (maximo  posible  de600,Hkz). 


CONSTANTES  DE  CALIBRACION 


La  sonda  se  calibro  segun--la  ley  de  King  en  la  forma: 


donde  E  es  la  tension  DC  de  salida  del  anemometro,  Ts  la  tempe- 
ratura  de  funcionamiento  del  sensor,  T  la  temperatura  ambiente, 
^  la  densidad  y  V  la  velocidad.  A,  B  y  n  son  las  constantes  de 
calibraci6n  propias  del  sensor. 


I  NTA 
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N.# 


Pifl.  5 . 


La  temperatura  de  funcionamiento  se  determino  por  la  ex 


presion: 


R  -R« 


T  =  273.159  +  100 


R100_R° 


Los  valores  de  las  constantes  de  cali.braci.6n  fueron: 


n  »  0.458 

A  =  0.0158  Voltios2/°K 

B  =  0.0070  Voltios2/°X  (Kg/seg  m2)n 

T  =  535.659  °K 
s 

siendo  el  ajuste  de  tensiones  de  0.00199  voltios. 

La  velocidad  maxima  de  utilizacion  es  de  200  m/seg,  la 
velocidad  minima  de  0.15  m/seg.  La  temperatura  ambiente  maxi¬ 
ma  en  la  que  se  puede  emplear  es  de  150°C. 


txki  rr  'i"-"1 


PRES10N 


tehperatura 


FLUJO  HASICO 


TENSION  MEDIA 


IMH.H6I 


<K  1 


IKS./SES.M21  IVOLTIOSi 


708  .500 

708.515 

708.529 

703. 599 

7  08.559 

708.573 

708.610 

708.697 

7  08.6  89 

708.721 

708.799 

708.868 

708.991 

7  39.0  15 

709.089 

709.162 

709.236 

709.383 

709.  S3C 

709.6 7T 

709'. 829 

709.971 

710.339 

710.707 

711.0  75 

71 1 .99  3 

711 .8 II 

712-179 

712.537 

712.915 

713.283 

713.651 

719.3  86 

715.122 

725.858 

716.599 

717.330 

718.066 

728.802 

719. S37 

720.273 

721.0  09 

721.795 

722.981 

723.217 

723.952 

725.9  29 

726.8  96 

728.367 

729.103 


295.382 

295.993 

295.993 
295.393 

295.993 

295.993 

295.993 

295.993 

295.993 
295.99  3 

295.993 

295.993 

295.993 
29  S.  99  3 
295-993 
299.798 
299.739 
29  9  .  72  1 

29  9.709 

299  .687 

299.669 

299.652 

299.608 

299.569 

299.521 

299.9  77 

299.939 

299.996 

299. 903 

299.359 

299.316 

299.272 

299.186 

299.09  9 

299.013 

293.92  7 

29  3.  89  0 

29  3.75  9 

293.668 

293.583 

293.997 

29  3.91  1 

29  3.326 

293.290 

293.155 

293.070 

29  2  .  90  0 

292.785 

292.616 

292.532 


0.0 
2.089 
2.959 
3.618 
9.186 
9  .6  78 
5.733 
6.616 
7.399 
8.107 
9.360 
10.969 
11.965 
12.383 
13.290 
19.037 
19.797 
16.20  9- 
'  17.508 

18.717 
19.853 
20-92  5 
2  3.39  5 
25.628 
27.681 
29.592 
32.38  7 
33.081 
39.695 
36.237 
37.716 
39.139 
92.890 
99.376 
98.775 
99.057 
SI. 236 
53.326 
55.338 
57.277 
59.159 
60.972 
62.738 
69.959 
66.126 
67.757 
70.90  5 
73.911 
76. SOS 
78.211 


1.981 
2. 951 
2.519 
2.58  0 
2.627 
2.671 
2.729 
2.786 
2.821 
2.858 
2.913 
2.9S9 
2.986 
3.018 
3*038 
3.0.83 
3.105 
3.197 
3.180 
3.212 
3.291 
3.2  69 
3.318 
3.369 
3.9  03 
3.9  38 
3.9  69 
3.997 
3.529 
3.598 
3.570 
3.591 
3.629 
2.669 
3.69  S 
3.723 
3.750 
3.775 
3.798 
3.8  20 
3.8  90 
3.8  S9 
3.877 
3.895 
3.911 
3.927 
3.957 
3.98S 
9.011 
9.0  29 


tun  nr  rwn  t 


INTA 


N 


1 


TENPERATURA 

TENSION  EXPERIHEI 

FLUlOA 

RE0UCI0A 

(  K! 

1  VOLTIO  S12/K 

295.332 

0.0163 

295.993 

0.02  50 

295.493 

0.0263 

295.493 

0.0277 

295.493 

Q.Q28 7 

295.493 

0.02  97 

295.493 

0.0310 

295.493 

0.0323 

295.493 

0.0331 

2  95.4  93 

0  .0340 

295.493 

. 0.0353 

29S.493 

0.0363 

295.493 

0.0371 

295.493 

0.  03  79 

295.493 

0.0384 

2  94.74a 

0 .03  95 

2  94  .  7  39 

0.0400 

294.721 

0.04 11 

29  4 . 704 

0.0420 

294  .637 

0.  04  23 

294.669 

0.04  36 

2  94  .  6  52 

0.0442 

2  94.608 

.0.04  57 

294.564 

0.0469 

294.521 

0.0430 

294 .477 

~  0.04  90 

294.434 

.  0.04  99 

294.446 

Q.0S07 

2  94.403 

0.05  15 

2  94.359 

0.0522 

294. 316 

0.0528 

294.272 

0. 05  34 

294.136 

0.0545 

294.099 

0.05  56 

294.013 

0.05  65 

29J.92T 

0.0573 

293.840 

0.0532 

293.754 

0.0589 

293.66  3 

0.0596 

293.533 

0.06  03 

293.497 

0.06  09 

293.411 

0.06  15 

2  93.326 

0.06  2  0 

293.240 

0.0626 

293.155 

Q.06  31 

293.070 

0.06  36 

2  92.900 

0.06  4  5 

2  92.785 

0  .06  54 

2  92.616 

0.06  62 

292.532 

0.0666 

TENSION  TEORICA 

FLU  JO  MAS  ICO 

REDUCIOA 

REOUCIDO 

1  VO  LTIOS127K 

(K6/SE6.R21N 

0.0158 

o.a 

0.02  56 

1.401 

0.0273 

1.642 

0.0284 

1.8  02 

0.0293 

1.927 

0.0300 

2.027 

0.0313 

2.225 

0.0324 

2  .376 

0.0333 

2. SCI 

0.0  34  0 

2.608 

0.0352 

2.785 

0.0363 

2.  931 

0.03  71 

3.056 

0.03  79 

3.166 

0.0386 

3.265 

0.0392 

3.353 

0.0  398 

3.435 

0.04  08 

3.581 

0.04 17 

3.713 

0.04  2S 

3.82  5 

a.04  32 

3.920 

0.0439 

4.026 

0.0453 

4.2  37 

0.0466 

4. 418 

0-.04  77 

4.  S76 

0.04  87 

4.718 

0.04  96 

4.847 

0.0504 

4.966 

0.0512 

5.  075 

0.0519 

5.  177 

0.0526 

5.273 

0.  05  32 

5.36  3 

0.0543 

5.530 

0.05  54 

5.68 1 

0.0564 

S.8  19 

0.0573 

5.948 

0.0581 

6.067 

-  0.0589 

6.179 

0.05  96 

6.285 

0.06  03 

6.38  5 

. 0.0610 

6.4  80 

0.0616 

6.5  70 

0.0622 

6.657 

0.06  28 

6.  740 

0.06  33 

6.819 

0.06  39 

6.896 

0.0649 

7.041 

0.0658 

7.  176 

0.066  7 

7.303 

0.0671 

7.  364 

.  scnriio&i.jSKMii.  ratKW 
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SECCION  II 


CALIBRACION  DEL  SENSOR  DE  HILO  CALIENTE  RECTO  A  9Q°CON  R£S- 
PECTO  AL  EJE  D£  LA  SOiVDA  T.S.I.  HCDELO  1 2 1 0-T1- 5/4 1 2 5 3/ 1  2 1 C02 


I  N  T  A 


N. 


de  Informe  1-231/510/84.076 


a 


DATOS  TECNICOS 


-  Fecha  de  calibracion:  29  de  Octubre  de  1984 

-  Caracteristicas  del  sensor:  Sensor  de  hilo  caliente  cilindri- 
co  recto  a  90°con  respecto  al  eje  de  la  sonda,  con  una  longi- 
tud  de  area  sensible  de  1.25  mm.  y  un  aiametro  de  4  micras 
(razon  de  forma  de  aproximadamente  312.5),  con  una  distancia 
entre  los  soportes  de  1.5  mm.,  compuesto  de  Tungsteno  y  lami- 
nado  de  Platino. 

-  Utilidad  del  sensor:  Para  determiner  la  velocidad  media  e 
intensidad  de  la  turbulencia  en  la  direccion  del  aje  de  la 
sonda 


DATOS  ELECTRICOS 


R 


interna 


0.26  cl 


R(0°C)  =  5.19  -T- 
R(22°C)  =  5.73  JT- 
R(100°C)  =  7.21  X1- 


operacaon 


=  10.50  ZL 


Obteniendose  a  aproximadamente  100  m/seg.  una  constante  de  ties 
po ''C  =  5j*s  lo  que  comporta  un  limite  superior  de  frecuencias 
de  hasta  154  Khz  (maximo  posible  600  Khz). 


CONSTANTES  DE  CALIBRACION 


ua  sonda  se  calibro  segun  la  ley  de  King  en  la  forma: 

-2 

=  A  +  B  (fV)n 
s 

donde  E  es  la  salida  DC  del  anemometro,  Ts  la  temperatura  de 
funcionamiento  del  sensor,  T  la  temperatura  ambiente,  ^  la 
densidad  y  v  la  velocidad.  A,  B  y  n  son  las  constantes  de  cali¬ 
bracion  propias  del  sensor. 


iBtHTMiU  «!•!  I  NT  A 


I  N  T  A 


N.*  de  Informe  1-231/510/84.076 


P4g.  8 . - 


La  temperatura  de  funcionamiento  se  determino  por  la 
expresion 

R  -Ro 

T  =  273. 1S9  ♦  100  - - 

s  R100"R° 

Los  valores  de  las  constantes  de  calibracion  fuercn: 
n  =  0.4S6 

A  =  0.0163  Voltios2/0* 

B  =  0.0073  Voltios  2/°K  CKg/seg.  m2)n 

T  =  S36.030 
s 

siendo  el  ajuste  de  tensiones  de  0.00219  voltios. 

La  velocidad  maxima  en  la  que  se  puede  empiear  es  de 
200  m/seg.  y  la  minima  de  0.15  m/seg.  La  maxima  temperatura 
ambiente  es  de  150°C. 


♦ 


I  N  T  A 


N. 


DATOS  DE  CALIBRACION 


PRESION  ATMOSFERICA  Pa  =  71S.S  mm  HG 
NUMERO  DE  OATOS  N  =50 


D 

mm 


16.51 


16.51 


16.51 


16.31 


16.51 


16.51 


16.51 


16.51 


16.51 


16.51 


6.5 


16.51 


16.51 


16.51 


16.51 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


70.6 


.2  70.8 


E  ERMS 
volt.  mVolt. 


2.018 


2.468 


2.575 


2.627 


2.673 


2.720 


2.787 


2.839 


2.878 


2.916 


2.972 


3.0 


3.080 


3.110 


3.167 


3.209 


3.244 


3.274 


3 . 3 


3.32 


3.382 


3.429 


3.468 


D 

AP 

n 

E 

mm 

mmH,0 

EX 

volt. 

3.81 

40 

69.9 

3.506 

3.81 

45 

ft 

3.538 

•3.81 

50 

It 

3.566 

3.81 

55 

II 

3.593 

3.81 

60 

If 

3.617 

3.81 

65 

It 

3.639 

3.81 

70 

It 

3.661 

3.81 

80 

70.0 

3.700 

3.81 

90 

If 

3.81 

100 

EBX 

3.81 

110  . 

II 

EBB 

3.81 

120 

II 

3.322 

3.81 

130 

II 

3  .  348 

3.81 

140 

If 

3.872  1 

3.81 

150 

J^| 

3.894 

3.81 

160 

3.81 

170 

If 

Sf® 

3.81 

180 

If 

3.951 

3.81 

190 

If 

3.968 

3.81 

200 

ft 

3.985 

3.81 

210 

II 

4.002 

3.81 

230 

70.2 

4.032  | 

3.81 

250 

If 

3.81 

270 

If 

4.086 

3.81 

280 

11 

4.098 

Pig. 


I  N  T  A 


H* 


PRES  10  N 

TEMPERATURA 

F LU JO  HASICO 

tension  meoia 

1HH.HSJ 

IK) 

IK6./SES.M2) 

I90LTI0S1 

715.500 

299.609 

0.0 

2.0  18 

715. SIS 

299.  71  5 

2.102 

2.968 

7  IS. 529 

299.715 

2.972 

2.575 

715.594 

299.715 

3.69Q 

2.627 

715.559 

299.715 

9.212 

2.673 

715. S73 

299. 771 

9.707 

2.720 

715.6 10 

299.771 

5.76  8 

2.787 

7  15.6  97 

299.771 

6.6S7 

2.839 

715.689 

299.771 

7.995 

2.878 

715.721 

299.826 

8. 156 

2.9  16 

715.799 

299. 326 

9.91  7 

2.972 

715.8  68 

299.826 

10.52  7 

3.01S 

7  IS. 9 9 1 

299.826 

11.5  35 

3.099 

716.015 

299 .826 

12.9  58 

3.08C 

716.089 

299.826 

1  3.  32  0 

3.1  10 

716.162 

299.  026 

19.129 

3.192 

7  16  .2  36 

29  9.37  3 

.  19.886 

3.167 

716.383 

299.112 

16  .306 

3.209 

716  .530 

299.099 

17.612 

3.2  99 

716.6/7 

299.077 

18.829 

3.2  79 

716  .8  29 

29  9.  06  0 

19.972 

3.303 

716.9  71 

299.092 

21  .0  50 

3.32  7 

717.339 

299.000 

23.535 

3.38  2 

717. 7Q7 

293.956 

25.78  1 

3.929 

718.075 

293.913 

2  7. 89  7 

3.968 

718.993 

29  J.  8  70 

29.76  9 

3.506 

718.811 

293.827 

31.579 

3.538 

719.179 

293.789 

33.282 

3.566 

719.59  7 

293.791 

39.905 

3.593 

719.915 

293.698 

36.957 

3.6  17 

720.283 

293.656 

37.995 

3.639 

720.6  51 

293.613 

39.377 

3.661 

721.38  6 

293.583 

92.090 

3.700 

722.122 

293.997 

99.692 

3.7  39 

722. 8 S8 

293.912 

9  7.05  5 

3.766 

723.599 

29  3.32  7 

99.350 

3.795 

729.330 

293.291 

51.593 

3.822 

725.066 

293.156 

53.695 

3.898 

725.802 

293.072 

55.668 

3.8  72 

726.537 

293.092 

57.619 

3.899 

727.273 

292.957 

59.502 

3.915 

728.009 

292.8  72 

61.331 

3.933 

728.795 

292.788 

63.107 

3.9S1 

729.981 

292.  70  3 

69.839 

3.9  68 

730.2  17 

292.619 

66.51 5 

3.98S 

730.952 

292.535 

68.155 

9.002 

732.929 

292.922 

71.315 

9.032 

733.896 

292.255 

79. 396 

9  .060 

735.367 

292.087 

77.257 

9  .086 

7  36.103 

292.  0Q9 

78.672 

9  .0  98 

«*•*.«.  44  Mft* 


1  NT  A 

N.* 

Pig. 

TENPERATURA 

TENSION  EXPERIMENTAL 

TENSION  TEORICA 

FLUJO  HASICO 

FLUIDA 

REDUCI0A 

REDUCIOA 

REOUCIOO 

i  K  1 

(VOLTXOS  12/K 

IVQLTIOS 12/K 

CKS/SEG.M2IN 

294.634 

0.0169 

0.0163 

0.0 

294.715 

0.02  52 

0.02  6  5 

1.40  3 

294.715 

0.02  75 

0.02  82 

1.643 

294.715 

0.02  86 

0  .02  94 

1.8  02 

2  94.715 

0.02  96 

0.0  30  3 

1.927 

294. 771 

0.0  30  7 

0.0310 

2.027 

294.771 

0.0  322 

0.0324 

2.22  3 

294.771 

0.0334 

0.0335 

2.  374 

294.771 

0.0343 

0.0344 

2.498 

294.826 

0.03  53 

0.0352 

2  .604 

2  94  .  8  2  6 

0.0366 

0.0365 

2.780 

2  94.826 

0.0377 

0.0  37  5 

2.925 

294.826 

0.0  385 

0.0384 

3.0S0 

2  94.82  6 

0.0393 

0.0392 

3.159 

294  .826 

0.0401 

0.0399 

3.257 

294  .026 

0.04  08 

0.04 06 

3.34S 

2  94  .  0  73 

0.04  15 

0.0412 

3.426 

2  94.112 

0.0426 

0.0422 

3.571 

2  94.094 

0.0435 

Q.0431 

3.699 

294.077 

0.0443 

0.0440 

3.814 

294.060 

0.0451 

0.04  4  7 

3.  917 

294.042 

0.04  57 

0.04  54 

4.012 

294.000 

0  .04  73 

0.04  69 

4.222 

293.956 

0  *04  36 

0.048  2 

4  4  01 

293.913 

0  .04  97 

0.0494 

4.5  58 

293.870 

0.050  8 

0.0504 

4.6  99 

293.827 

0.051  7 

0.0513 

4.827 

293.  /84 

0.0525 

0.0522 

4.94  5 

293.741 

0.0533 

0.05 30 

5.053 

293.698 

0.Q540 

0.0537 

5.154 

2  93.6S6 

0.05  46 

0.0544 

5.249 

293.613 

0.0553 

0.0550 

5.  339 

29  3.58  3 

0.056  5 

0.0562 

5.503 

29  3.49  7 

0.05  75 

0.05  73 

5.653 

293.412 

0.0S8S 

0.0583 

5.790 

293.327 

0.05  93 

0.05  93 

5.918 

293.241 

0.06  0  2 

0.0601 

6.036 

293.  156 

0.0610 

0.0609 

6.147 

293.072 

0.0617 

0.0617 

6.252 

293.042 

0.0624 

0.0624 

6.350 

292.957 

0.06  31 

0.06  31 

6.444 

292  .872 

0.06  36 

0.06  37 

6.534 

2  92  .788 

0.06  4  2 

0.06  4  3 

6.620 

2  92 .703 

0  .06  4  7 

0.0649 

6.702 

292.619 

0.06  52 

Q.065S 

6.780 

2  92. 33  5 

0.06S8 

0.0661 

6.856 

292.422 

0.066  7 

0.  06  71 

6. 999 

292  .255 

0.06  76 

0.06  81 

7.133 

292  .08  7 

0.06  84 

0.0690 

7.259 

2  92.004 

0.06  88 

0.0694 

7.320 
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I  N  T  A 


N* 
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Pifl.g.- 


SECCION  III 


CALIBRACIQN  DEL  SENSOR  DE  PELICULA  CALIENTE  RECTA  A 
90°  CON  RESPECTO  AL  EJE  DE  LA  SQNDA  TSI  MODELO  1210- 

20/43092/121014 


l^fMU  tWI  INTA 


I  N  T  A 


N.# 


DE  Informe  1-231/510/84.076 


Pig. 


10.- 


DATO.S  TECNICOS 


Fecha  de  calibracion:  17  de  Octubre  de  1984 

-  Caracteristicas  del  sensor:  Sensor  de  pelicula  caliente  ci 
lindrica  recta  a  90°con  respecto  al  eje  de  la  sonda,  con  una 
longitud  de  area  sensible  de  1.0  mm.  y  un  diametro  de  54 
(razon  de  forma  de  aproximadamente  19.6),  con  distancia  « 
tre  los  soportes  de  1.67  mm.,  compuesto  de  platino  sobre 
un  substrato  de  cuarzo. 

-  Utilidad  del  sensor:  Para  determinar  la  velocidad  media  e 
intensidad  de  la  turbulencia  en  la  direccion  del  eje  de  la 
sonda. 


DAT OS  ELECTRICOS 


interna 
R(°0C)  = 
R(22.8°C) 
R(100°C) 


=  0.20  XL 
7.00  SL 
s  7.35 

=  7.97  r>- 


R 


operacion 


9. 50  SI 


obteniendose  a  aproximadamente  100  m/seg  una  constante 
de  tierapos  t =  10  lo  que  comporta  un  limite  superior 
de  frecuencias  de  hasta  100  Khz  (raaximo  posible  de  250 
Khz) . 

CONSTANTES  DE  CALI3RACI0N 


La  sonda  se  calibro  segun  la  Ley  de  King  en  la  forma: 


E  +  A  +  B  (  f  V)n 


T  -T 

5 


III  Vw- 

3  T 


UMM  Impetus  4*1  INTA 


I  N  T  A 


H.*  de  Informe  1-231/510/84.076 


Pig.  11.- 


donde  E  es  la  tension  DC  de  salida  del  anemometro ,  T  la  tem 

S 

peratura  de  funcionamiento  del  sensor,  T  la  temperatura  am- 
biente,  la  densidad  y  V  la  velocidad.  A,  B  y  n  son  las  cons 
tantes  de  calibracion  propias  del  sensor. 


La  temperatura  de  funcionamiento  se  determino  por  la 
expresion 


T 


s 


273.159  +  100 


VR° 

R100-R° 


Los  valores  de  las  constantes  de  calibracion  fueron: 

n  =  0.522 

A  =  0.0350  Voltios 2/°K 
B  =  0.0191  Voltios2/°K  (Kg/ seg  m2)n 
Tg  s  530 . 831° K 

siendo  el  ajuste  de  tensiones  de  0.00294  voltios. 

La  velocidad  maxima  en  la  que  s=  puede  emplear  es  de 
350  m/seg.  y  la  minima  de  0.15  m/seg.  La  maxima  temperatura 
ambiente  es  de  150°C. 


I  N  T  A 


DATOS  DE  CALIBRACION 


PRESION  ATMOSFERICA  Pa=7i5  mm  HG 
NUMERO  DE  DATOS  N  =50 


D 

mm 


16.51 


16.51 


16.51 


16.51 


16.51 


16.51 


16.51 


16.51 


16.51 


16.51 


6.5 


16.51 


16.51 


6.5 


16.51 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


3.81 


E  erms 

volt.  mVolt. 


0 

AP 

mm 

mmHtO 

3.81 

40 

3.81 

45 

3.81 

50 

3.8! 

55 

3.81 

60 

3.81 

65 

3.81 

70 

3.81 

80 

3.81 

90 

3.81 

100 

3.81 

110 

3.81 

120 

3.81 

130 

3.81 

140 

3.81 

150 

3.81 

150 

3.81 

170 

3.81 

180 

3.81 

190 

3.81 

200 

3.81 

210 

3.81 

230 

3.81 

250 

3.81 

270 

3.81 

280 

E  E 
volt,  m 


5.871 


5.950 


6.014 


6.074 


6.128 


6  . 


6.227 


6.317 


6.400 


6.510 


6.569 


6 .815 


6.853 


6.896 


6.932 


6.968 


7.004 


7.077 


7.212 


7.247 


I  N  T  A 


N 


L 


Pig. 


PRESION 

TEHPERATURA 

FLU JO  MAS  ICO 

TENSION  MEDIA 

< MU. HG  J 

<K) 

(KG./SES.M2) 

tVOLTIOS  1 

716.000 

296.215 

0.0 

2.8  98 

7  16.0  IS 

296.21 5 

2.09  7 

3.780 

716.029 

296.2  15 

2  .966 

3.96  1 

716.0  94 

296.215 

3.6  32 

4.080 

716 .059 

296  .2  15 

4.203 

4.170 

716.073 

296.215 

4.697 

4  .2  89 

716.110 

296.215 

5.756 

4.4  04 

716.147 

296.21 5 

6.64  3 

4  .521 

716. 184 

296  .215 

7.429 

4.602 

716  .221 

296.215 

8.140 

4.677 

716.294 

296.215 

9.  398 

4.787 

716.363 

296. 21S 

10.50  6 

4.8  71 

716.441 

296.215 

1  1.512 

4  .947 

716. SIS 

296.215 

12  .4  33 

5.008 

716  .S 89 

296.2  15 

13.293 

5.064 

716.662 

29S.582 

14.091 

5.147 

716.736 

295.573 

24.354 

5.2  22 

716.383 

295. S56 

16.2  72 

5.267 

717.030 

295.533 

17.576 

5.333 

717.177 

295.521 

13 .739 

5.390 

71  7.32  4 

295.504 

19.930 

5.4  43 

717.471 

295.486 

2 1.006 

5.497 

717.3  39 

29  S . 44 3 

23.486 

5.608 

713.207 

295.344 

25.729 

5.698 

7  13.5  75 

29S.3Q1 

27.791 

5.790 

713.943 

295.253 

29.709 

5.871 

719.31 1 

295.215 

31.51  1 

5.950 

719.679 

295. 172 

3  3.215 

6.014 

720.047 

295.  128 

34.835 

6.074 

720.4  IS 

29  5  .  08  5 

36.384 

6.128 

720.733 

295.042 

37.869 

6.178 

721. 1SI 

294.999 

39.298 

6.227 

721.336 

294.913 

42.010 

6.317- 

722.6  22 

294.823 

44.557 

6.400 

723. 353 

29  4.74  2 

46.965 

6  .478 

724.094 

294  .656 

49.2  56 

6.54  5 

724.830 

294.571 

51.444 

6  .6  10 

72S.S6  6 

294.485 

53  .  54  3 

6.669 

726  .302 

294.  732 

55.531 

6.713 

727.337 

294  .647 

57.4  77 

6.76  6 

727.773 

294.562  * 

59. 36 1 

6.815 

72  8  .  SO  9 

294.4  77 

61.  185 

6.858 

729.245 

294. 392 

6  2.95  7 

6.8  96 

729.931 

294.58  3 

64.649 

6.932 

730.717 

294  .498 

66.326 

6.963 

731.452 

294.414 

67.962 

7.004 

732.924 

294.245 

71.  119 

7.0  77 

734.396 

294. 076 

74.  14  1 

7.149 

735.867 

293.908 

77.044 

7.212 

7  36  .  6  0  3 

293.824 

78.455 

7.247 

TEMPERATURE  TENSION  EXPERIMENTAL  TENSION  TEORICA  PLUJO  MASICO 

REOUCIOA  REDUCIDA  REDUCIOO 


FLU  10 A 
IKI 


IV0LTI0S12/K 


<  VOLTIO  S127  K 


IK6/SES.M2  JN 


2  96  .2  15 

0.03  58 

2  96.215 

0.0609 

2  96  .  2  15 

0.0669 

296.215 

0.0709 

296  .  2  1  5 

0.0791 

296.215 

0.0789 

296.215 

0.0826 

296.215 

0.08  71 

296 .215 

0.0902 

2  96.2  1  5 

0.09  32 

296.215 

0  .09  76 

296.21 5 

0.101 1 

296.215 

0.109  3 

296.215 

0.  1069 

296  .215 

a. 1093 

295.532 

0.1126 

2  95.5  73 

a. 1196 

295.556 

0,1179 

295.538 

0.1208 

29S.524 

0.12  39 

295.539 

0.12  59 

295.936 

0.12 89 

295.993 

0.13  36 

2  95.39  9 

0. 1378 

295.331 

0.1923 

295.258 

0.1963 

295.215 

a.  1502 

295.172 

a.  15  39 

2  95.12a 

0.1565 

295.085 

0.1593 

295.092 

0.16 18 

299.999 

0.1699 

299.913 

0.1691 

299.828 

0.1735 

2  99 . 792 

0.1777 

2  99 . 6  56 

0. IS  13 

2  99.571 

0.1899 

2  99.98  5 

0.188  1 

299.732 

a. 1908 

299.697 

0.19  38 

299. S62 

0.1965 

2  99.9  77 

0.1989 

2  99.3  92 

*  0.2011 

299. S33 

0.2033 

299.998 

0.2059 

299.919 

a.  20  79 

299.295 

a. 21 16 

299.0  76 

0.21  58 

2  93.908 

0.2195 

293.829 

Q.221S 

0.0350 

0.0 

0.0631 

1  .9  72 

0.0687 

1.769 

0.0725 

1.961 

0.0759 

2.  116 

0.0778 

2.  292 

0.0826 

2.993 

0.0863 

2.68  7 

0.08 99 

2.899 

0.0921 

2.988 

0.0965 

3.220 

0.1Q02 

3.913 

0.10  39 

3.  580 

0.  1062 

3.727 

0.1087 

3.860 

o.ma 

3.9  79 

0.1  131 

9. 090 

0.1  170 

9.289 

0.1203 

9.  96  5 

0.  12  33 

9.62  9 

0.1261 

4 .76  3 

0.12  86 

9.901 

0.139  3 

5. 195 

0.1391 

5.9  98 

0.1939 

5.672 

0.19  72 

5.873 

0.1507 

6.056 

0.15 39 

6.225 

0.1569 

6.382 

0.1597 

6 .528 

0.1629 

6.6  66 

0. 1698 

6.796 

0.16  99 

7.037 

0.17  36 

7.257 

0.1775 

7.959 

0.1811 

7.697 

0.1899 

7.3  2-2 

0.1876 

7.987 

0. 1905 

8. 190 

0.  19  39 

8.288 

0.1960 

8.929 

0.1986 

8.563 

0.201  1 

8.6  92 

0.2039 

3.813 

0.2056 

8.931 

0.20  78 

9.09  6 

0.2120 

9.263 

0.2159 

9.966 

0.2195 

9.6  58 

0.2213 

9.750 

\  ifa-jPA  b  :  CAU'd'iftoOM  EM  A'RC  cev.  C-tMSOO.  T.S.i  VtU01\A<AUWTE  tWC&LO  U'Q-^O  /  'I'iO'U 


A-WMLI  la^rwU  4*1  I  NT  A 


INTA  N.*  de  Informe  1-231/510/84.076  P4g.  12.- 


SECCION  IV 


CALI BRAC ION  DEL  SENSOR  DE  PEIICULA  CALIENTE  RECTA  A  90° 
CON  RESPECTO  AL  EJE  DE  LA  SONDA  T.S.I.  MODELO  1210-20/ 

43093/121014 


I  N  T  A 


N.*  DE  Informe  1-231/510/84 . 076 


Pig.  13.- 


DATOS  TECNICOS 

-  Fecha  de  calibracion:  18  de  Octubre  de  1984 

-  Caracteristicas  del  sensor;  Sensor  de  pelucula  caliente  ci- 
lindrica  recta  a  90°  con  respecto  al  eje  de  la  sonda,  con  - 
una  longitua  de  area  sensible  de  1.0  mm  y  un  diametro  de  51 
(razon  de  forma  de  aproximadamente  19.6),  con  distancia  en- 

'  tre  los  soportes  de  aproximadamente  1.67  mm.,  compuesto  de 
platino  sobre  un  substrate  de  cuarzo. 

-  Utilidad  del  sensor:  Para  determinar  la  velocidad  media  e  - 
intensidad  de  la  turbulencia  en  la  direccion  del  aje  de  la 
sonda . 


DATOS  ELECTRICOS 
R.  =  0.20  -*L 

interna 

R( 3 0  C)  =  8.44  -CL 
R(  2  3°  C )  =  6.82  £>- 


R( 100°C)  =  7.34  CL 

R  s  8.39  SL 

operacion 


Obteniendose  a  aproximadamente  100  m/seg.  una  constants  de 
tiempost  =  ouslo  que  comporta  un  llmite  superior  de  frecuer.- 
cias  de  hasta  156  Khz  (maximo  posible  de  250  Khz.) 


CONSTANTES  DE  CALIBRACION 


La  sonda  se  calibro  segun  la  Ley  de  King  en  la  forma: 

E2 

Y~If  *  A  ♦  B  C^V )n 
s 

donde  E  es  la  tension  DC  de  salida  del  anemometro,  T la  tempe¬ 
rature  de  f uncionamiento  del  sensor,  T  la  temperatura  arcbiente 
f>  la  densidad  y  V  la  velocidad.  A,  B  y  n  son  las  constantes 
de  calibracion  propias  del  sensor. 


A-WMU  UmcmU  tUI  I  NT  A 


I  N  TA 


N.*  de  Informe  1-234/510/84.076 


Pifl.  14.- 


La  temperatura  de  f uncionamiento  se  determino  por  la 


expresion: 


Rs_Ro 


T  =  273.159  +  100  - - =- 

s  nn‘Ko 


Los  valores  de  las  constantes  de  calibracion  fueron: 


n  =  0.511 

A  =  0.0335  Voltios2/°K 

B  =  0.0138  Voltios2/°K  (Kg/seg  m2)n 

T  =  545 . 381°X 
s 


siendo  el  ajuste  de  tensiones  de  0.00391  Voltios. 

La  velocidad  maxima-en  la  que  se  puede  enpiear  ±s  ue 
.350  m/seg  y  la  minima  de  0.15  m/seg.  La  maxima  temperatura 
ambiente  es  de  150°C. 


t 


I  N  T  A 


N. 


DAT05  DE  CALIBRACION 


PRESION  ATMOSFERICA  Pa  =  "W-S  mm  HG 
NUMERO  DE  DATOS  N  =50 


mm  mmH,0 


16.51 


E  erms 

volt.  mVolt. 


2.  938 


3.785 


3.976 


4.115 


4.212 


4.324 


4.549 


If 

4.837 

If 

4.926 

if 

If 

80111 

If 

5.104 

72.5 

5.176 

If 

5.222 

" 

5.303 

,, 

5.374 

If 

5.434 

II 

5.487 

if 

5.540 

1^  m 

if 

5.737 

ii 

5.817 

D 

AP 

mm 

mmHiO 

3.81 

40 

3.81 

45 

3.81 

50 

3.81 

55 

3.81 

60 

3.81 

65 

3.81 

70 

3.81 

80 

3.81 

90 

3.81 

100 

3.81 

110 

3.81 

120 

3181 

130 

3.81 

140 

3.81 

150 

3.81 

160 

3.81 

170 

3.81 

180 

3.81 

190 

3.81 

200 

3.81 

210 

3.81 

230 

3.81 

250 

3.81 

270 

3.81 

280 

E  ERMS 
volt.  mVolt. 


5.899 


5.968 


6.031 


6.031 


6.144 


6.195 


16.329 


6.407 


6.546 


6.609 


6.818 


6.862 


6.902 


m 


7.207 


ff.236 


OBSERVACIONES 


uim 


I  N  TA 


presion 

tehperatura 

FLU  JO  HASIC 

I  HH.HGI 

<K  1 

IKG./SEG.M2 

709.500 

295.938 

0.0 

709.515 

296.109 

2.08  8 

709.529 

296.109 

2.953 

709. 59  9 

296.109 

3.6  16 

709.559 

296. 109 

9.  185 

709. S73 

296.  109 

9.677 

7  09.6  10 

29  6.  10  9 

S.731 

709.697 

296.109 

6  .6  19 

709.6  89 

296.109 

7.397 

709.72 1 

296. 109 

8.109 

7  09 . 7  99 

296.  109 

9.35  7 

709.868 

296.109 

10.9  60 

709.991 

296.109 

11-961 

710.015 

296.109 

12. 379 

710.03  9 

296. 109 

1  3.23  5 

710.162 

29  5.  58  1 

19.028 

710.2  36 

29  5.572 

19 .786 

710.383 

295.555 

16. 198 

710.530 

295.537 

17.996 

710.677 

2  9  5.  52  0 

18.  709 

710.829 

295. 5Q2 

19.839 

710.9  71 

29  5.985 

20.911 

711.339 

295.991 

23.378 

711.70  7 

295.397 

25.610 

712.075 

295.  359 

2  7.66  2 

712.993 

295.310 

29.571 

712.8  11 

295.267 

31.369 

713.179 

295.223 

33.061 

713.597 

295.  180 

39.679 

713.915 

295.136 

36.215 

719.283 

295.093 

37.693 

719.651 

295.099 

39.115 

715.386 

299.963 

*1.819 

716.122 

299.876 

99.350  ' 

7  16  .8  58 

29  9.90  0 

K.Tlt 

TENSION  MEDIA 
I VOLTIOS  J 


717.59* 
718.330 
719.066 
719.802 
720.5  37 
721. 2  7J 
722 .009 
722.7*5 
723. *81 
72*. 2 17 
72*.552 
726.52* 
727.896 
729.367 
73Q.1Q3 


295.81* 
295.728 
295.6.51 
295.555 
29  5.56  9 
299 .383 
295.298 
299.212 
299.  126 
299.09 1 
293.956 
293.951 
293.781 
293.61  1 
293.527 


99.018 
51.195 
53.289 
55.293 
57.232 
59.107 
60.929 
62.688 
69.903 
6  6.079 
67.703 
70.828 
73.838 
76.729 
78.139 


2.938 
3.78  5 
3.976 
9.115 
9.2  12 
9.329 
9  .9  57 
9.577 
9  .6  99 
9.  726 
9  .8  37 
9.92  6 
9.995 
5.0  56 
5.109 
5.1  76 
5.222 
5.303 
5-3  79 
5.9  39 
5.98  7 
5.590 
5.695 

5.7  37 

5.8  17 
5.899 
5.968 
6.031 
6.091 
6.  199 
6.195 
6.292 
6  .-3  29 
6.907 

6.9  79 
6.596 
6.609 
6.6  68 
6.721 
6  .772 
6.818 
6  .8  62 
6.902 
6.992 
6.979 
7.016 
7.086 
7.199 
7.207 
7.236 


I  NT  A 


N 


1 


1 


TEHPERATURA 

tension  experimental 

TENSION  TEORICA 

FLUJO  MASICO 

FLU I DA 

REOUCIOA 

REOUCIOA 

RE  OU  Cl  00 

IK  I 

«  V0LT10S)  2/K 

IVOLTIOS  >2/ K 

IK6/SE6.H2) N 

295.938 

0.0  39  6 

0.0335 

0.0 

296.109 

0.0S7S 

0.Q609 

1.957 

296.109 

Q.06  39 

0.06  62 

1.739 

296.109- 

0.06  79 

0.06  98 

1.929 

2  96 . 1  39 

0.07 12 

0.0726 

2.0  78 

2  96. 109 

0.0750 

0  .0  79  9 

2.2  00 

2  96 .109 

0.0797 

0.0799 

2.990 

296 . 109 

0.0890 

0.0829 

2.626 

296.139 

0.0867 

0.08  58 

2.783 

296 .109 

0.08  96  - 

0.08  83 

2.913 

296 .109 

0.09  39 

0.0925 

3.135 

2  96.109 

0.09  73 

0.0960 

3.319 

2  96 . 1 39 

0.1C01 

0.0990 

3.  9  78 

296 . 139 

0.1025 

0.  1016 

3.617 

296 . 139 

0. 139  S 

0. 1090 

3.79  3 

29  5.58  1 

0.  10  72 

0.  1061 

3.856 

295 . 5  72 

0.10  92 

0.1081 

3.961 

295.555 

0.1126 

0.1116 

9. 153 

2  95 . 5  37 

0.11S6 

0.1198 

9.  317 

295.523 

0.1 182 

0.1176 

9.  966 

295.532 

0.1205 

0.12  02 

9.603 

295.985 

0.12  28 

0.12  25 

9.728 

295.991 

0.12  75 

0.12  78 

5.006 

295.397 

0.1317 

0.1323 

5.299 

295.359 

0.1353 

0.1362 

5.955 

29S.310 

0.1392 

0 .1 398 

5.699 

295.267 

0.1929 

0.1930 

5.817  ' 

295.223 

0.  19  59 

0.  I9  60 

5.975 

295.130 

0.1983 

0.19  88 

6.123 

295.136 

0.15  08 

0.1519 

6.260 

295. C93 

0.15  33 

0.1S38 

6.390 

295.099 

0.1556 

0.156  1 

6.512 

299.963 

0.1600 

0.1609 

6.737 

299.876 

0.16  39 

9.1693 

6.993 

2  99.900 

0.1676 

0.  16  78 

7.132 

299  .819 

0.  17  10 

0.1711 

7.308 

2  99  .728 

0.1793 

0.1792 

7.972 

2  99  .  691 

0.1773 

0.1771 

7.626 

2  99.5  55 

0.1801 

0.1799 

7.772 

299.96  9 

0.1828 

0.1825 

7.910 

29  9.38  3 

0.1852 

0.18  99  . 

8.091 

299.298 

0.  18  75 

0.  18  73 

8. 16  6 

299.212 

0.18  97 

0.18  96 

8.286 

299.126 

0.1918 

0.1917 

8.901 

2  99  .  091 

0.19  38 

0.1938 

8.  512 

293.956 

0.1958 

0.1958 

8.619 

293.951 

0.1997 

0. 1996 

8.820 

293.781 

0.20  31 

0.  20  32 

9.009 

293.611 

0.2063 

0.2065 

9.188 

293.527 

0.20  79 

0.2082 

9.273 

I  N  T  A 


N. 


de  Informe  1-231/510/84.076 


P<9-  15.- 


SECCION  V 


CALI3RACI0N  DEL  SENSOR  DE  PELICULA  CAL  IE  NT  Z  RECTA  A  9  0°  CON' 
RESPECTO  AL  EJE  DE  LA  SONDA  T.S.I  MCDELO  1210-20/43099/121014 


s 


I 

\ 


I  N  T  A 


N.* 


de  Informe  1-231/510/84.076 
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DATOS  TECNICOS 


-  Fecha  de  calibracion:  23  de  Octubre  de  1984 

-  Caracteristicas  del  sensor:  Sensor  de  pellcula  caliente  - 
cillndrica  recta  a  90°  con  respecto  al  eje  de  la  sonda, 
con  una  longitud  de  area  sensible  de  1.0  mm.  y  un  diame- 
tro  de  51  ^.m.  (razon  del  forma  de  aproximadamente  19.6), 
con  distancia  entre  los  soportes  de  aproximadamente  1.67 
mm. ,  compuesto  de  platino  depositado  sobre  un  substrato  de 
cuarzo. 

-  Utilidad  del  sensor:  Para  determinar  la  velocidad  media  e 
intensidad  de  la  turbulencia  en  la  direccion  del  eje  de  la 
sonda 


DATOS  ELECTRICOS 


R.  s  0. 20  £L 

interna 


R(0°C)  =  7.01  2- 


R(21.5°C)  =  7.33  r- 


R(100°C)  =  3.03 


R 


operacion 


9.7  6  r- 


Obteniendose  a  aproximadamente  100  m/seg.  una  constante  de 
tiempos  de't  =  8.5  )».s  lo  que  comporta  un  limite  superior  de 
frecuencias  de  hasta  117  Khz  (maximo  posible  de  250  Khz) 


CONSTANTES  DE  CALIBRACION 

La  sonda  se  calibr6  segun  la  Ley  de  King  en  la  forma: 


A  +  8  ( f  V)n 


I  N  T  A 


de  Informe  1-231/510/84.076 
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N.' 


1 


donde  E  es  la  tension  DC  de  salida  del  anemometro,  T  la  tem- 

s 

peratura  de  funcionamiento  del  sensor,  T  la  temperatura  am- 
biente,  f la  densidad  y  V  la  velocidad.  A,  B  y  n  son  las  cons- 
tantes  de  calibracion  propias  del  sensor. 

La  temperatura  de  las  constantes  de  calibracion  fueron 

n  =  0. 531 

A  =  0.0341  Voltios2/°K 

B  *  0.0174  Voltios2/°K  (Kg/seg  m2)n 

T  =  542.767  °K 
s 

siendo  el  ajuste  de  tensiones  de  0.00323  voitios. 

La  velocidad  maxima  en  la  que  se  puede  emplear  es  de 
350  m/seg  y  la  minima  de  0.15  m/sag.  La  maxima  temperatura  am 
biente  a  la  que  se  puede  exponer  el  sensor  es  de  150°C. 
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1  N  T  A  N.* 

• 

Pig. 

PRESION 

TEMPERA  TURA 

FLUJO  MASICO 

TENSION  MEDIA 

i 

imh.hgi 

IK  1 

IKG./SE6.H21 

I  VOLTIO S 1 

714.500 

294.826 

0.0 

2.914 

!  714.515 

294.826 

2.100 

3.810 

714.529 

294.826 

2.970 

3.990 

714.544 

294.826 

3.63  7 

4.092 

714.559 

294.826 

4.208 

4.178 

j  714.573 

294.938 

4.702 

4.310 

1  714.610 

2  94.9  38 

5.762 

4.4  32 

714.647 

294.938 

6.650 

4.54] 

714.684 

294.938 

7.437 

4.6  10 

i  714.721 

294.938 

8.149 

4.693 

7  14 . 7  94 

29  4.99  3 

9.408 

4  .798 

714.868 

294.993 

10.517 

4.885 

714.941 

294. 993 

11.523 

4  .9  53 

715.015 

294.993 

12.446 

5.015 

7  15  .0  39 

294.99  3 

13.30  7 

5.074 

715. 162 

294  .470 

14.103 

5.12  7 

715.236 

294.462 

14.866 

5.1  74 

715.333 

294.445 

.16.285 

5.255 

715.530 

294.42  7 

17.590 

5.324 

715.6  77 

294.410 

18.806 

5.38  3 

715.824 

294 .393 

19.946 

5.427 

715.971 

294.375 

21.024 

5.485 

716.339 

294.332 

2 3. SO  6 

5.5  98 

716  .707 

294.28  9 

25.74  8 

5.6  91 

717.075 

294.246 

27.8  11 

5.780 

717.443 

294.314 

29.726 

5.86S 

|  717.811 

294.271 

31.528 

5.942 

t  718.179 

294.22  8 

33.233 

6  .0  06 

718.547 

294.184 

34.855 

6.066 

!  718.915 

294.141 

36.4  04 

6.120 

i  719.283 

294.098 

37.890 

6.172 

719.651 

294.055 

39  .  32  0 

6.221 

720.386 

29  3.96  9 

42.033 

6.317 

721.122 

293.884 

44  .58 1 

6.401 

!  721.858 

293.798 

46.991 

6.4  79 

722.594 

293.768 

49.2  78 

6.543 

j  723.330 

293.683 

51.46  7 

6.6  20 

j  724.366 

293.597 

53.56  7 

6.677 

J  724.8  02 

29  3.512 

55.58  7 

6.735 

i  725.537 

293.427 

57.S36 

6.78  8 

726.273 

293.342 

59.42  1 

6.841 

727.009 

293.257 

6  1.248 

6.888 

I  727.745 

29  3.17  3 

6  3.02  I 

6.930 

728.481 

29  3.08  8 

64.745 

6.971 

729.217 

293.114 

66.413 

7.011 

729.952 

293.030 

68.050 

7.047 

;  731.424 

292.86  1 

71.212 

7.111 

7  32  .  8  96 

292.693 

74.238 

7.174 

734.387 

292.525 

77.145 

7.235 

735.103 

! 

i 

t 

292.441 

78.558 

7.265 

1  . . .  1 

I  N  T  A 


N 


1 

t 

- 

- 

TEMPERA  TURA  TENSION  EXPERIMENTAL 

TENSION  TEORICA 

FLUJO  MASICO 

FLUIOA 

RE  DUCI  OA 

RE  OU  Cl  DA 

REOUCIOO 

IK) 

<  VOLT  10  SI  2  V  K 

I  VOLTIO  S 127  K 

4K67SE  6. M2 )N 

294.826 

0.0342 

0.0341 

0.0 

294.826 

0.0585 

0  .06  00 

1.483 

2  94  .  826 

0.06  42 

0.06  52 

1.782 

294.826 

0.06  7  5 

0.0687 

1.985 

294.826 

0.0  70  4 

0.0715 

2.  145 

294.938 

0.0750 

0.0738 

2.275 

294.938 

0.0793 

0.0783 

2.534 

294.938 

0.08  32 

0.08  18 

2.735 

2  94  .  938 

0.08  58 

0.0847 

2.902 

294.938 

0.0889 

0.0872 

3.046 

294.993 

0.0929 

0.0915 

3.  288 

294.99  3 

0.0963 

0.0950 

3.488 

i  294.993 

0.0990 

0.0980 

3.662 

294  .993 

0.10 15 

0.1006 

3.815 

2  94  .  9  9  3 

Q.1Q39 

0.1030 

3.953 

2  94.4  70 

0.1059  _ 

0.1052 

4.0  76 

294.462 

0.1078 

0.10.72 

4.  192 

294. 445 

0.1112 

0.1109 

4.400 

294.42  7 

0.1141 

0.1143 

4.584 

294  .410 

0.1167 

0.1169 

4.74  9 

294.393 

0.1186 

0.1196 

4.9C0 

2  94.375 

0.12  11 

0.1220 

5.0  29 

294.332 

0.1261 

0.1274 

5.  347 

294.289 

0.130  3 

0.1320 

5.612 

294  .246 

0.1344 

0. 1361 

5.846 

294.314 

0.1384 

0.1397 

6.057 

294.271 

0.1421 

0.14  31 

6  .249 

2  94.228 

0.14  51 

0.1462 

6.426 

2  94.184 

0.1480 

0.1491 

6.591 

294.141 

0.1506 

0.1517 

6.745 

294. C98 

0.1532 

0.1543 

6.890 

294.055 

0.1556 

0.1567 

7.026 

293.969 

0.1604 

0.16  11 

7.280 

293.884 

0.16  46 

0.1651 

7.511 

293.798  • 

0.16  86 

0.1-688 

7.724 

293.768 

0.1719 

0.1723 

7.921 

293.683 

0.1759 

0.1755 

8.  106 

293.597 

0.1789 

0. 1785 

8.280 

293.532 

0.18  20 

.0.18  14 

8.445 

293.427 

0.  18  48 

0.1841 

8.6  01 

2  93.342 

0.18  76 

0.1867 

8.749 

293.257 

0.1902 

0.1892 

8.891 

293.373 

0.1924 

0.1915 

9. 027 

293.088 

0.1946 

0.  19  38 

9.157 

293.114 

0.196  9 

0.1960 

9.281 

293.030 

0.19  88 

0.  1981 

9.402 

2  92  .  861 

0.2023 

0.2021 

9.6  32 

292.693 

0.2058 

0.2058 

9.847 

2  92  .  52  5 

0.20  92 

0.2094 

10.053 

292.44  1 

0.2108 

0.2111 

10. 147 

— 

- - - - 

— 

t  v. 

END 


DATE 

FILMED 


